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IV PREFACE. 

regarding the various excavating machines the author is indebted 
to the manufacturers and to the engineering periodicals and 
society transactions. He has also consulted the various foreign 
works on excavation, and wherever foreign practice has seemed 
to offer suggestions of value to American engineers they have 
been taken. While the book is designed primarily for the student 
and young engineer, it contains much information that is valuable 
to the practicing engineer and contractor and which is not to 
be found elsewhere in one place convenient for consultation and 
use. 

So far as was possible the author has given credit in the pages 
of the book to those who have aided him with advice and informa- 
tion. It is with a feeling of sincere gratitude that the author 
acknowledges the kindness of the different manufacturers who 
furnished him with the details of the methods and machines which 
are described herein, and he wishes to extend hearty thanks to all 
who have aided him in any way in the work. 

Charles Prelixi. 
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Tub first operation required when any engineering work ia 
undertaken is tlie preparation of plans representing accurately 
the labor to be performed; such plans are absolutely essential 

estimating the cost of the work. In prosecuting earthwork 

:urate and legible plans are particularly necessary. Earthwork 
prises two operations — the cutting down of the elevations 

ijecting above the level of the proposed surface, and the filling 
up of the hollows Ijing below the proposed surface. These oper- 
ations are known as cutting and filling, and the works themselves 
are called cuts and fills. The preparation of plans for earthwork, 
therefore, consists in representing graphically on paper the depths 
and locations of the cuts and fills. 

To represent graphically the cuts and fills of earthwork it ia 
,1 either to refer the proposed surface to the original ground- 

'ace, or else to refer both the original and the proposed surfaces 
imaginary horizontal plane located below the lowest point 
of either. This is called the datiun plane and is used in all the 
leveling operations connected with the work. Three forms of 
representation are employed : the first is known as the method of 
marked points; the second, as the methwl of contour-lines; and 
the third, as the method of profile and cross-sections. Generally 
method of marked points and that of contour-lines are ero- 
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2 EARTH AND ROCK EXCAVATION. 

ployed where the work occupies an area of considerable width as 
compared to its length, and the method of profile and cross- 
sections where the work occupies an area which is narrow as 
compared to its length. Whichever method is employed, the 
plan must be so legible that it will be easily understood by the 
constructor, his superintendent, or even by the foremen on the 
work. These persons are presupposed to be able to read such 
plans and comprehend their stipulations and directions. 

Method of Marked Points. — To represent earthwork by means 
of marked points a map or plan of the origmal ground-surface 
occupied by it is first prepared. On this map a greater or less 
number of fixed points are marked. These points may be either 
the salient points formed by the natural surface, or they may be 
artificial points located by transit and marked by stakes. Each 
point is inscribed with a numeral showing its vertical distance 
from the proposed surface of the earthwork, this numeral being 
preceded by a minus sign if the distance is above the proposed 
surface, and by a plus sign if the distance is below that surface. 
Thus the mark +5 will mean that the original surface is to be 
raised 5 ft. by filling, and the mark —5 that the original surface 
is to be lowered 5 ft. by cutting. 

An alternative form for representing earthwork by means of 
marked points is as follows: A datum plane is chosen and 
each fixed point is marked by two numerals, one in black hik 
showing the altitude of the original ground-surface above the 
datum plane, and, one in black ink underlined, or, preferably, 
in red ink, showing the altitude of the proposed surface above 
that plane. In this double notation a cut is indicated if the 
underlined or red-ink numeral is smaller than the black-ink 
numeral; and, on the contrary, a fill is indicated when the under- 
lined or red-ink numeral is greater than the black-ink numeral. 
The difference between the numerals shows the depths of cut or 
fill in each case. Thus if we have a point bearing the numbers 
37 and 42, we know that the original ground-surface is lower 
than the proposed surface by an amount equal to 42 - 37 = 5, and, 
therefore, that a 5-ft. fill is required. This form of representing 
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earthwork, altbough very simple, ia seldom used in this country 
except for small excavations where great accuracy is required, 
a5 in foundations for tall buildings, but it is exten^vely used in 
Europe. 

Method of Contour-UneB. — Contour-lines are lines joining 
points of equal elevation on the ground-surface. They may be 
conceived as being formed by horizontal planes placed at regular 
vertical intervals apart and intersecting the ground-surface; the 
line where each plane cuts the ground-surface is the contour- 
line at that elevation or level. These planes of uniform level are. 
usually taken at elevations 5 ft. or 10 ft. apart, but may be taken 
at much closer intervals, and the contour-lines formed by them 
tf)w definitely the conformation of the ground. If we, there- 
, plot on a plan of the site of the proposed earthworks first 
i contour-lines of the original ground-surface and second those 
She surface of the proposed work, we liave then clearly indi- 
1 the location and depths of the required cuts and fills. For 
nple, if a line of the first series at the 20-ft. level is crossed by 
i 22-ft.-level line of the second series, it indicates that at the 
int of intersection the original surface must be raised 2 ft. to 
«in the proposed surface, or, in other words, that a 2-ft. fill 
eoessary. On the contrary, if the 20-ft. line of the first series 
etl by the 18-ft. line of the second series, it indicates that 
Wl- cut is required. In plotting these two sets of contour-lines 
I the plan the set referring to the ])ro]iosed surface of the work 
isually distinguished by being drawn in colored ink; usually 
I ink is used. The contour-line method of representing earth- 
c is employed particularly for works like reservoirs, drainage, 
jAtion, and the improvement of submerged or tidal lands. 
1 a plajl is of great use in locating and making rough estimates 
J cost of canals, roads, and railways; but in this country it 
Kldom employed for the accurate location and calculation of 
nich works. 

Method of Profile and Cross-sections. — The most commonly 
employed method of representing eiirthworks is by a longitudinal 
(file and cross-sections. This method is particularly con- 
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venient for repreaenting works which are of smali wkUh andl 
great length, such aa roads, canals, and railways. Tlie fixin 
of the axes of these works is a separate task, and it will not t 
discussed in this book except to not« that it should be the r 
of a careful study of the technical, economical, and otiier con- 
ditions of the route. The axis of the work when once decided 
upon is marked on the ground with stakes spaced 100 ft. apart 
and numbered progressively fnmi the starting bench-niark or 
monument. The longitudinal jirofile is the line formetl by the 
intersection of a vertical plane through the axis with the sur* 
face of the ground. Cross-sections are fonned by vertical planes 
at right angles to the axis and are usually taken 100 ft. apait 
or at every stake marking the axis. The profile and croas^ 
flections together give when plotted on paper a clear graphical 
representation of the configuration of the ground. The ilcter-^ 
mination of the profile and cross-sections is usually accomplished 
by the ordiiiarj- engineer's level, but on side-hill work or where 
obstacles are frequent the cross-section rod gives better results. 
The longitudinal profile is plotted on profile paper which is es- 
pecially printed for this purpose, and two different scales are used^ 
one for the horizontal distances, which is usually 400 ft. to 1 in., 
and another for the vertical distances, which is usually 30 ft. 
to 1 in. The larger vertical scale gives a distorted profile, but 
one in which everj' irregularity of the surface is magnified, and 
this is its purpose. The grade-line of the proposed work is plotted 
on this profile at its proper elevation ; all portions of the profiki 
which come above this grade-line constitute cuts, and all portiooa 
which come below constitute fills. The points where the grade- 
line intersects the profile are called points at grade, and they 
are marked on the ground by stakes. 

European engineers in plotting the profile adopt a some^ 
what different practice than that just described. Instead of aet-' 
tuig the stakes marking the axis always 100 ft. apart, they set 
them wherever a change in direction occurs on the ground-sur- 
face. Thus, tor instance, if the ground-surface is substantially 
unbroken the stakes may be si^t as much as 300 ft. apart, butJ 
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' surface us ver>- uneven the stakes may be set only a few 
tpait. A heavy line is drawn to represent the datum plane, 
and parullel to it four other lines are clrawn, one being marked 
with the elevations above datum of the ground -surf ace, another 
with the elevations above datum of the proposed work, and the 
third and fourth with the partial and the progresave daturas of 
the various stakes or stations. As in American practice, hori- 

riont.al distances and vertical elevations are tlrawn to different 
scales. Fig. 1 represents a profile d^aw^l acconling to .American 
practice, and Fig. 2 represents the same profile drawn according 
to European practice, in which all elevations, distances, grades, 
depths of cuts and fills, etc., are enumerated on the drawing. 

■ The longitudinal profile is genera.lly supplemented by a plan 
■'Which slioB-s the de\-eloped grade-line of the proposed work. 

Tlie longituilinal profile alone does not completely show 
? configuration of the ground, and it is, therefore, supplemented 
ty cross-sections which are in effect transverse profiles taken at 
iehosen inter\'al8 and at right angles to the plane of the longi- 
Itudinal profile. These cross-sections are determined by either 
Bad engineer's level or by a cross-section roil. They are plotted 
^t<) a scale equal to tlie vertical spale of the profile, sometimes 
Bon the profile sheet, but more often on separate sheets. Each 
*ross-section bears a number corresponding to the number on 
I profile which marks the point where the section was taken. 
BXJsually the cross-section is taken for a distance each side of the 
imB which is somewhat greater than that marking the outer 
"tUnits of the projected work. A common practice ia to cross- 
section a width three times as great as the width of the work. 
The purpose of this is to include the slopes of the cuts and fills 
Land to permit if desired the axis to be shifted to one side or the 
rther without the necessity of determining and plotting new 
r«ros6-sections. 

In plotting cross-sections the original ground-surface is denoted 
by a full black line and the surface of the proposed construction 
B denoted by a full line in red ink or a broken line in black ink. 

■ Fig- 3 is an example of a cross-section plotted in black ink. Here 
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PLANS AND PB0FILB8. 



the line ABCD represents the original ground-surface, and the 
line AEFGHD the surface of the proposed work. A, K, and D 
are points at grade. The triangle AEK shows a fill, and the 




irregular figure KBCDHGF shows a cut. It is common practice 
in both the profile and the cross-sections either to enter the filla 
and cuts differently, or to use section-lining and stippling to dis- 
tinguish them. The cross-sections are usually marked also with 
all dimensions, depths of cut and fill, slope of banks, etc. The 
total width of cross-section represents what French engineers 
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call the emprise, which is the strip of land occupied by the construc- 
tion and whose boundaries it is very useful to know in determining 
the compensation to be paid the owners. 

A modification of the method of profile and cross-sections, 
which is used in the Public Works departments of the city of 
New York, is iUustrated by Fig. 4. The stations are taken 100 ft. 
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apart, and at each station the elevations of both side lines and 
the axis of the ground-surface are determmed. These elevations 
give the engineer three profile Imes, one at each boundary and 
one at the center line of the work, which are plotted as shown 
by the illustration, and with a different-colored ink or a different 
symbol for each line. The station-lmes extended below the datum 
line serves as a basis for a plot of the cross-section at each station. 
The scale used is usually 100 ft. to 1 m. horizontal and 20 ft. to 
1 in. vertical, but this scale is varied with the size of the work. 

The method of longitudinal profile and cross-sections, while 
particularly adapted for representing long and narrow earth- 
works, can also be used for representmg earthworks of moi^ 
nearly equal lateral dimensions, such as reservoirs and railway 
yards. In such cases a series of cross-sections are taken perpen- 
dicular to a chosen base-line and equal distances apart. 



CHAPTER II. 

METHODS OF CALCULATING QUANTITIES AND 
COST OF EARTHWORK. 

In planning earthwork, as in planning any other engineering 
work, it is one of the first duties of the engineer to calculate its 
cost. The cost is given by multiplying the total volume of the 
work by a figure representing the estimated cost per imit of vol- 
ume. The first thing to be determined in calculating the cost 
of earthwork is, then, the volume, and in this chapter we shall 
outline the various methods of performing this task which are 
practiced by engineers. 

As already explained, earthwork is made up of cuts and fills; 
the total volume of any earthwork is, then, the simi of its cuts 
and fills. This sum is determined differently for works which 
occupy a long narrow area and for works which occupy areas of 
approximately equal lateral dimensions. We shall consider sep- 
arately the methods adapted for each form of work. 

WORKS long AND NARROW IN AREA. 

When the work to be done occupies a very long and compara- 
tively narrow strip of land it is usually represented by a longi- 
tudinal profile and numerous cross-sections, as already explained. 
The total amount of cut and fill is given by the sum of the cuts 
and fills between the consecutive cross-sections. There are 
several methods of determining the volume of cut and fill 
between two consecutive cross-sections. Some of these methods 
involve long calculations and give absolute results, and others 
require only short, simple calculations, and give only approxi- 
mate results. 

9 
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Conect Method. — ^Accurately qieakiiig, there is no absolutely 
correct method for calculating earth¥rcHk. AH calculations 
assume the solid to be figured to be bounded by planes, while 
the actual bounding surfaces are irr^ular and undulating. 
Assuming, however, that the solid is bounded by planes parallel 
to the vertical plane passing through the axis of construction, 
then the volume of that solid is easilv obtained. If a and b are 
the areas of the two consecutiA-e cross-sections, and d is their 
horizontal distance apart, then the volume of the solid between 
these cross-sections is represented by 



T 



a 



d. 



It is, however, very seldom that the solid is bounded by planes 
parallel to the axis. 

Let A BCD and EFGH (Fig. 5) be two consecutive cross-sections, 

of which the first is the smaller. 
From A and B draw planes parallel 
to the axis of the road; the larger 
cross-section will thus be divided 
into three parts — two triangles FJI 
and LKHy and the irregular poly- 
gon IJFGLK. The solid wiU like- 
wise be divided into three other 
solids which are a large prismoid 
included between the planes parallel 
to the axis of the road, and two triangular pjTamids with their 
verticfs at A and B respectively. 

Ix5t A =the area of the cross-section ilBCD; 
B= '' '' '' '' " EFGH) 

«= " " '' '' triangle EIJ) 
[i= '' '' '' '' '' KLH. 




Fig. 5. 



The volume of the solid will be, 



F = ^±^±^rf+^d, 
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or 



V^^d 



or 



A + B- 



y= 



—Q-d, 



B^ 



Fig. 5a. 



The volume can also be obtained by graphics, as shown by- 
Fig. 5a. On a horizontal line draw to any convenient scale a 
segment equal to d. At each 
extremity of this segment erect 
indefinite perpendiculars and lay 
off on them segments equal to 

A and to B ~ respectively. 

These segments will contain as 
manv lineal units as there are units of surface in the two areas. 
Close the figure by uniting C and D, and the trapezoid ABCD 
will contain as manv units of surface as there are units of volimie 
included between the two cross-sections A and B, 

Prismoidal Formula. — Mr. John D. Henck, C.E., in his Field 
Book for Railroad Engineers, says that any prismoid can be 
divided into prisms, wedges, and pyramids of equal altitude, 
and its volume can be easily obtained from the sum of the vol- 
umes of the various solids into which it has been divided. I^t h 
be the base of any prism and let a be its altitude; its volume 
vAW then be given by 

r = aX6. 

If h represent the base of a regular wedge, or half a parallelo- 
pipedon, and a represent its altitude, its volume will be given by 

v=^\aXh, 

If h represent the base of any pyramid with the altitude a, 

its volume wall be 

r = iaxf). 

The combined volumes of these three bodies admit of a common 
expression which may be found. 
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Let m represent the middle area of either of these solidi 
that is, the area of a section parallel to the base and midwa 
between the base and top. 

For the prism m= 6. 
For the wedge m=^b. 
For the pyramid m = J6. 

The upper base of the prism is equal to b and the upper base 
of the wedge and pyramid are each zero. Then the expression 
ab, iabj and Ja6, representing the volumes of the prism, wedg^ 
and pyramid, may be thus transformed : 

Solidity of prism a6 = |x66 = |(6+6+46)=|(fe+6+4m). 
" '' wedge ia6 = ^x36 = |(0+6+46)=|(0+6+4m). 

" pyramid Ja6 = |x26 = |(0+6+ 6)=|(0+64.4m). 

Hence the solidity of either of these bodies is found by addinj 
together the area of the upper base, the area of the lower base 
and four times the middle area, and multiplying the sum b; 
one-sixth of the altitude. Irregular wedges, as those not half 
parallelopipedons, may be measured by the same rule, since the; 
are the sum or difference of a regular wedge and a pyramid 
of conmion altitude ; and as the rule applies to both these bodies 
it applies to their sum or difference. 

Now, a prismoid, being made up of prisms, wedges, anc 
pyramids of common altitude with itself, will have for its solidit; 
the sum of the solidities of the combined solids. But the sum o 
the areas of the upper and lower bases of the combined solid 
is equal to B + B^, the sum of the arenas of the parallel faces o 
the prismoid; and the sum of the middle areas of the combine( 
solids is equal to 3/, the middle area of the prismoid. Therefon 

S = lr(B\-B +4M), 

which is the prismoidal formula commonly employed in tb 
calculation of earthwork. 
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This formula can also be graphically represented, since it can 
be written 

^^ 2 • 

Draw an indefinite horizontal line and lay off on a convenient 
scale a segment equal one-third the distance between the two 
cross-sections. At its extremities erect perpendiculars, and lay 
off on one the sum B-\-Bi and on the other the sum 4M, Close 
the figure by uniting C and Z), and the figure ABCD will contain 
as many units of surface as there are units of volume in the pris- 
moid included between the two cross-sections A and B. To 
calculate earthwork by either the correct method or by the pris- 
nioidal formula, although not abstruse, is a long and tedious 
operation, so that it is common in actual work to adopt more 
expeditious methods. 

Mean End Areas. — The simplest method of calculating earth- 
work is by averaging the areas of the two end sections and mul- 
tiplying this sum by the distances between the cross-sections. If 
A and B are the areas of the two cross-sections and d is their 
ilistance apart, then the volume is given by 

The volume of the prismoid thus calculated is greater than 
the volume obtained by the correct method, the diflfer(Mice l)eing 

—^ — , or half the volume of the two pvraniids separated from 
o 

the prismoid by means of two vertical planes i)assing through 

the exterior ends of the smaller cross-section and parallel to the 

axis of the prismoid. The error will deci-eas^* the nearer the ve»r- 

tical bounding planes are to being parallel with the axial i)lane, 

and it will increase the more the bounding planes di\'(M*g(» from 

a parallel to the axial plane. 

The calculation of the volume of earthwork, by averaging 

the end areas of the two cross-sections, is jx^rfonned in two differ- 
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ent ways, either by measuring directly the quantities of cuts and 
fills included within the solid, or indirectly by taking the average 
of the quantities of cuts and fills in the two end areas and multi- 
plying it by their distance apart. 

Direct Method. — The direct method is more correct, although 
it is more complicate, and all the different cases which may be 
encountered will be considered. 

1st Case. Both Cross-sections in Cut or Both in Fill. — This 
case has already been considered, and the volume is given by 

This manner of measuring the volume can be compared with the 
area of a trapezium, ABCDj in which the parallel sides and the 
altitude arc resjx^ctively proportional to the areas of the two cross- 
sections and their distance (Fig. 6). The trapezium will contain 

c 



B 



Fig. G. 

as nuuiv units of surface as there are units of volume in the solid. 
2(1 Case. One section, A, in Cut and Cross-section, B, in 
Fill. — Tlic volume of the cut is given by 

.1' d 



C= 



and that of the fill by 



F = 



A + B2' 



PI i 
A + B2' 



These; volumes are clearly indicated by graphics (Fig. 7). On 
the horizontal line AB take a segment equal d; at its extremities 
erect ixTi)endiculars in opposite directions. On one lay off a 
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segment equal to A, representing the cut; and make the other 
perpendicular equal to the fill B) unite C with Z). The point 
will be the point at grade. The units of surface in the triangle 
OAC will represent the imits of volume of the cut, while those of 




Fig. 7. 

the triangle OBD will represent the volume of fill. The quantities 

A B 

of the cuts \\ill be given by -^AOj and those of the fills by -^BO. 

From the similar triangles AOC and BOD we have 



but 



therefore 



A:B'=AO:OB; 

OB = AB-OA, 

A:B^AO:AB-OA 
BXA0=AXAB-AX0A 
BxAO+AxOA=AxAB 
A0{A + B)=AXAB 

AXAB 



A0 = 



A+B 



A 
2 



AB being equal to d and the quantity of cut being given by n-AO. 

then 

A Ad A* d 
2^A+B~A+B2 
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B^ d 

In a Bimilar way it is found that the fill B is equal to . p -. 

3d Case. One Cross-section in Cut or Fill, and the other Cross- 
section Part in Cut and Part in Fill (Fig. 8). — ^The second section 




Fig. 8. 



being part in cut and part in fill, the line of the project will inter- 
sect the ground-surface at the point 0, thus dividing tliis cross- 
section into the parts B and B^ the former in fill and the latter 
in cut. Imagine a vertical plane passing through and paraUd 
to the axis of the construction; this will divide the first cross- 
section hito two parts, A and ^', both in fill. The volume of the 
fill at the left of this vertical plane is given, according to the 1st 
A-\-B 



case, by 



dj and the volumes at the right-hand side of the 



same vertical plane are given, according to the 2d case, by 

^ B,' d . ^.. A,' d 
cut = -T—r^ rr and fill = 



A,B, 2 



A,-\-B,2' 
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So that the total volume of the solid will be 

A^ d 



Cut = — Tr-d + 



Fill= 



2 

b: 



A,+B^2' 



A,+B,2' 

4th Case. Both Cross-sections are Part in Cut and Part in 
Fill, and the Points at Grade Correspond with the Axis of the 
Construction (Fig. 9). — ^The volumes of the cuts and fills are cal- 




FiQ. 9. 



culated as in the first case. If a vertical plane is supposed to 
pass through the axis of the construction, we have at the left hand 
two cross-sectiona, A and JS, both in fill, and the volume will be 



given by 



A+B 



^ d] at the right-hand side of the vertical plane 
there are two sections, A^ and B^, both in cut, and the volume will 

be given by — ~ — -*rf. Between these two cross-sections we 
shall have 

Cut=^d and Fill = ^^^'d. 
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5th Case. Both Cross-sections are Part in Cut and Part in 
Fill, but the Points at Grade are not Along the Same Vertical 
Plane. — From the points at grade and 0^, Fig. 10, draw two 




Fig. 10. 

vertical planes parallel to the axis of the construction. These 

planes will divide the two cross-sections into three parts, AjAj,Ajj 

and By Bj^ Bjj^ respectively. The volume of the solid contained 

between these two croSvS-sections is the sum of the cuts and fills 

of these new^ solids into which the former solid was divided; and 

they are limited by A and J3, .4/ and Bj, Ajj and Bjj, A and B 

A-\-B 
being both in fill, the volume is given by — jy—d. The sections 

A J Ix'ing in cut and B^ in fill, the volume of the cut is given by 

A ^-\-Bd B^ d 

" 'j-j— 9, and that of the fill by , "/^^ ,y. The sections il^i^^d 



Bjj being both in cut, the volume is given by 



A„^B 



n^^n 



2 



d. The 
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b1 volume of the solid included between the two cross-sections 
Ibe 



'^'-A^+B,2- 



FiU- 



^B^ a/ d 
2-''+a;+s,2- 



tndireet Method. — It is easier, although less accurate, to 
leulate the volumes ot the earthwork by the mean end-ar^a 
Finethod in aii indirect way, and this is clone by the simple con- 
struction of tables in which are recnnled all the data and calcu- 
lations. The following table, taken from I^nti, gives the method 
» employed by the Italian government engineers for calculating the 
^■iKilumes of earthwork. This is obtained by marking separately 
^P^ area of the cuts and fills on each cross-section, and then taking 
' the average of the areas of cuts and fills between two consecutive 
cross-sections. These averaged areas are multiplied by the dis- 
tance of the cross-section apart, and thus the volumes of the 
Ieuts and fills are obtained. 
[ The table for the calculation of the earthwork contains rmly 
nght colunms, but a few others are added in order to keep recorri 
anti for csilculating also the amount of the different kinds of soil 
t-iicounli*rcd in the excavation. In the first cohmin are recorded 
|he \-arious cross-sections progressively; in colunms 2 and 3 are 
U'ked the area of the cut or fill in the correspondmg cross- 
in cohuims 4 and 5 are marked the averaged areas of 
J cuts and fills between the two consecutive cross-sections; in 
3 are recorded the distances between the two consecutive 
?ctions, and in columns 7 and 8 are given the volumes of 
the cuts and fills, or the products of colunms 4 and 6, and 5 and 
6, respectively. The sum of colunms 7 and 8 will give the total 
amount of cuts and fills required for the construction of the road, 
as indicated by the longitudinal profile and cross-section. In 
columns 9, 10, and 11 are recorded the nniount of earth of the cuts, 
classified according to their resistance. If they are of vegetable 
ind or loose soil, in colunm 9; resistant and compact soils, as 




20 



EARTH AND ROCK EXCAVATION. 



clay and gravel, in column 10; and in column 11 the rock. An- 
other column is usually added in which are recorded all the obser- 
vations relating to the work. It is, however, to be remembered 
that in the first column, as, for instance, between sections 3 and 
4, 5 and 6, and 7 and 8, there are supplementary cross-sections 
marked P.G.; this means points at grade, and they should always 
be recorded. These points at grade are given by writing in 
columns 2 and 3 the same values of F. or C. that are marked in 
columns 2 and 3 in the consecutive cross-section or the successive 
one. 



TABLE I. 



Pro- 
gres- 
sive 
Num- 


Surface of 
Sections. 


Averaged 
Surfaces. 


Dis- 
tance 
between 

the 
Succes- 
sive 
Cross- 
sections. 


Volumes. 


Nature of the Soil. 


Obeer- 
vationa. 


ber 
of the 
Cross- 
sec- 
tions. 


FiU- 
ings. 


Cuts. 


Fill- 
ings. 


Cuts. 


rul- 
ings. 


Cuts. 


Loose 
SoU. 


Per- 
sistent 
SoU. 


Rock. 


1 


0.00 


0.00 


























0.56 


1.81 


30 


16.80 


54.30 


34.30 


20 






2 


1.12 


3.62 


























0.81 


4.54 


18.80 


15.22 


85.35 


55.35 


30 






3 


0.50 


5.45 




















P.G. 


0.50 


5.45 


0.25 


1 


12.02 


3.00 




















8.87 


29.60 


3.00 


262 . 55 


162.55 


100 






4 


0.00 


12. 2S 




14.25 


14.30 




203.51 


103.51 


100 






5 


0.00 


16.22 


0.25 


14.25 


4.35 


1.09 












P.G. 


0.49 


16.22 




13.41 


15.00 




201.15 


101.15 


100 






6 


0.49 


10.61 


























2.40 


8.69 


15.00 


36.00 


130.35 


80.35 


50 






7 


4.31 


6.76 


2.40 


6.93 


14.80 


102.56 












P.G. 


0.00 


6.76 


























20 


3.38 


12.07 


102.56 


40.80 


21.80 


1900 






8 


9.54 


0.00 


15.78 




13.70 


216.19 












9 


22.01 


0.00 


15.78 



















French engineers use another method for calculating the 
total amount of cuts and fills in earthwork excavations. They 
do not take the average of the two consecutive cross-sections as 
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the Italian engineers do, but they calculate directly the solids 
contained between the two cross-sections as having a constant 
base and equal to the second of the cross-sections considered. 
Besides, on each cross-section they calculate separately the por- 
tions at the right and left of the axis of the construction and 
make up a table of ten columns, with an additional one for the 
observations regarding the work. The sums of columns 6 and 
10 give the total amoimt of the cuts and fills, respectively, required 
for the work. The following table, illustrating this method, is 
taken from Daries. 

TABLE II. 



Num- 
ber of 
Crom- 
aection. 

1 


tance. 
2 




Cuts. 






FillingR. 




Ri«ht. 
3 


Left. 

4 


Total. 
5 


Vol- 
umes. 
6 


Right. 
7 


Uft. 
8 


Total. 
9 


Vol- 
umes. 
10 


1 


21.47 

30 50 

42.53 

56.50 

50 

39.50 

36.62 

43.50 

53.88 

45.00 

2S.00 

17.50 










15.50 

12.07 

8.53 

13.19 

0.37 

0.15 


9.97 

2.24 

10.32 

29.91 

5.08 

5.93 


25.47 

14.31 

18.85 

43.10 

5.45 

6.13 


547 

716 

1016 

1940 

153 

107 


P.G. 

2 

3 

4 

5 

6 
P.G 

7 


2.03 
12.20 

'26!i2 
12.55 


8.68 
22.25 

1.87 
20.49 
10.90 


10.71 
34.35 
1.87 
40.61 
23.45 


455 

1946 

94 

1604 

859 


8 










9 
10 


0.54 
4.16 




0.54 
4.16 


15 
73 




465 


5046 


4479 



Obser- 
vations. 

11 



All the numbers are in meters, and consequently for a distance of 465 
meters will be 5046 cubic meters of cuts and 4479 cubic meters of fillings. 



Profile off ^— » — From the end-area method used in the 
calculation of earthwork can be easily constructed the profile of 
the masses, which is the graphical representation of all the cuts 
and fills required for the work. Besides, it will give a correct 
idea in what direction, either longitudinally or transversally to 
the axis of the construction, the earth should be moved from 
their present position in order to reduce the ground in the manner 
indicated in the project. 
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Considering, for instance, the cross-sections whose dimensions 
and calculation of the earthwork are given in Table I, the 
profile of the masses is drawn in the following manner. A hori- 
zontal line, XY, represents the longitudinal axis of the construction, 
and along this are marked points representing the distances of 
the various cross-sections from the origin. The origin in our case 
^nll be at the cross-section 1, and it must be taken a distance 
along XY equal to 30, so as to have the point of the cross-section 
Xo. 2, and then another segment equal 18.80 wall indicate the 
point of the section 3, and 12.02 indicate the point at grade, and 
again the distance of 29.60 from this will give the location of the 
cross-section 4, and so on. In a word, along the horizontal line 
XF are laid off segments representing in scale the distances apart 
of the various cross-sections. At these points are erected per- 
pendicular lines, and on these are laid off segments representing 
the area of the various cross-sections. The segments representing 
the cuts are laid off above the horizontal line, and those repre- 
senting the fills are laid off below. The scale used to represent 
the areas is usually different and much larger than the one em- 
ployed for the distances. Station 1, in which there are neither 
cuts nor fills, as indicated in the table, is the origin. Then along 
the perpendicular erected at the station 2 above is laid off a 
segment equal to 3.62, representing the cut, and below another 
ecjual to 1.12, representing the fill. On section 3 above there is 
a cut of 5.46, and below a fill ecjual to 0.50; then at the point 
P.Cl., which is distant 12.02 from station 3, there are no more 
fills and all the sections are in cuts. Thus there is found on 
section 4 a cut of 12.28, and 16.22 at the station 5. At a point 
1.35 from station 5 there is the point at grade P.G., because the 
fills Ix^gin again, and it is found to be 0.49 at station 6, while the 
cut is 10.61. At station 7 the cut is 6.76 and the fill 4.31, and the 
cuts come to at the P.O. 14.8 from station 7. Then stations 8 
and 9 arc all in fills, and segments equal to 9.54 and 22.01, re- 
s|x»ctively, are laid off. Connecting all the points above the hori- 
zontal line XYj an irregular figure is obtained which will contain 
as many units of surface as there are units of volume in the cuts 
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to be made; while the irregular figure below the line A'V will 
have as many units of surface as there are units of volume in 
the fills to be made, so as to reduce the present ground-surface 
as required by the project. 

Tliia diagram, given in Fig. 11, gives a clear idea of the direc- 




Fio. 11. 



tion of the movements of the masses of earth, the portions that 
are compensated on the same cross-section, and those which 
ha\-e to be transferred along the longitudinal axis of the road. 
It is the real graphical representation of the cuts and fills which 
is required for the construction of the work between the two 
limiting cros.s-sections 1 and 9. 

Rough Calculation Deduced from the Longitudinal Profile. — 
In some particular' cases a rough calculation of the earth- 
work can be obtainetl in a verj' simple way by being tiirectly 
deduced from the longitudinal profile of the axis of the construc- 
tion. The tedious work of calculating all the volume of the 
prisms included within the various cross-sections is in this manner 
dispensed with. But this methoti is possible only when the 
surface of the project is parallel to the ground-surface. It con- 
sists in calculating the volumes of the cuts and fills for the 
various portions of the roa<i. For each ])ortion which is either 
in cut or in fill calculate a stantlard cross-section whose dimen- 
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sions are the average dimensions of the various cross-Bections 
of this portion of the road. Such an average area multiplied 
by the total length of the considered portion will give the volume 
of cut or fill for that portion of the road. Repeating the same 
operation for each of the various portions into which the road 
has been divided, the total volume of the cuts and the fills required 
for the work can be easily deduced. It is obvioiis that such 
a manner of calculating the volumes of the cuts and fills would 
be entirely wrong in cases where the cross-sections were part 
in cut and part in fill, and in cases in which the surfaxse of the road- 
bed is inclined to the ground-surface. 

Calculation of Earthwork Extending Over Large Surfkces. — 
So far we have reviewed only the various methods of calculating 
earthworks in works greatly extending in length while the width 
of the construction was ver\' narrow. But there are cases in 
which the work extends in width as well as in length, and this 
chiefly happens in the construction of storage-reservoirs for the 
supply of water to the cities, and in preparing lands for irriga- 
tion, for industrial and other purposes. The calculation of the 
earthwork in these cases can be performed in three different 
ways: by longitudinal profile and cross-sections; by fixing the 
grade at which the land should be reduced so that all the cuts- 
may lx> employed to fill in all the cavities; and finally to calculate 
ciircctly the quantity of earth to be removed so as to reduce the 
land to the required grade. 

(1) The method of calculating the volume of earthwork by 
mejins of longitudinal profile and cross-sections is identical with the 
one already descrilx^d. At first the topographical surv^ey of the 
land is made l)y ranging on tlie ground a base-line as near as 
possible to the axis of tlic^ figun*. This is used in the same way 
as the axis of the construction in the longitudnial profile. Then 
along this every 100, 50, and even smaller number of feet apart, 
deiK'nding upon tlie degree of aecuracy rec^uired in the work, 
are erected ix'rpenclicular lines and the various altitudes of the 
points 100, 50, 25, or 10 apart right and left from the axis are 
recorded. In this manner an* made rhe various cross-sections. 
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and the line of the project is drawn. The parts above or below 
this line represent the cuts and the fills required to reduce the 
actual ground-surface to the required grades, and are marked 
for each section. The average areas of the cuts or fills of the 
consecutive cross-sections multiplied by their distance will give 
the volumes of the cuts and fills between them. By calculating 
the cuts and fills required between all the various cross-sections 
is obtained the calculation of the total amount of earthwork 
required for the work. 

This method is very simple, and it is the one most commonly 
employed on practical works; and it may without great error 
be said that it is the only one employed in this country. The 
calculation of the earthwork for the Jerome Park Reservoir which 
is now under construction in the Bronx Borough in connection 
with the water-supply for the city of New York is done exclusively 
by means of longitudinal profile and cross-section notwithstand- 
ing it occupies a stretch of land extending for nearly 1^ miles 
in length and | of a mile in width. 

(2) But it may happen that it is desired to know the elevation 
of a plane at which the land should be reduced in order that all 
the earth excavated from the cuts may be used to compensate 
the fills. For convenience suppose a polygonal area ABCDE, 
Fig. 12, for which it is desired to find the altitude of a plane at 
which all the cuts and fills will be compensated. There Is an 
interior point which is the highest of all. Connecting this 
point with the various vertices of the polygon ABCDE, the 
figure will be divided into a series of triangles AOB, BOC, COD, 
DOE, EOA, The altitude of the various points teing given as 
indicated on the figure, the volume of the earth included between 
a given datum plane and the ground-surface will be given by 
the sum of all the triangular prisms having for bases the various 
triangles, the corresponding edges of the prisms being the altitude 
from the given datum plane. Thus, for instance, the edges of 
the prism having for a base the triangle AOB will Ix? 3, 15, and 5 
respectively, while 5, 15, and 7 will \x' those of the prism having 
for a base the triangle BOC. The volume of all these various 
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prisms divided by the total area of the polgyon ABCDE will 
give the altitude of the ordinate H of the horizontal plane of 
equal cuts and fills. 



A*8-W 



0.00 




D 000 
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Cu. Ft 

Volume, 1500Xy= 11,500 
Volume, 1378Xy = 12,402 

Volume, 1188Xy= 8,712 

*^0 
Volume, 1087Xy= 7,246.666 

Volume, 763Xy= 5,849.666 
Volume = 45,710.332 

The altitude of the plane of equal cuts and fills will be given 
by the volume divided by the area, or 



Area AOB 


100X30 
2 


Sq. Ft. 

= 1500 


Area 50C 


52X53 
2 


= 1378 


Area COD 


72X33 
2 


= 1188 


Aresi DOE 


56X39 
2 


= 1092 


AieaEOA 


28X54.5 
2 


= 763 


Area ABCDE 




5921 



T'_45,710.332 
^~A~ '6921 "°'''^' 
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The horizontal plane drawn at an altitude of 7.67 ft. from the 
lo\\'est point D will intersect the sides of the various triangles into 
which the polygon ABCDE was divided, at the points a h c d e. 
Uniting now these points with 0, it ^dll follow that the area of 
this new polygon will be equal to the sum of the areas of the 
various triangles into which this new polygon was divided. 

Thus we shall have: 

Area boa = 144.00 

Area 60c =1215.00 

Area cOd = 123 . 75 

Area bOe = 92 . 15 

Area eOa = 610.3125 



Area of the polygon abate =2185.2125 

The altitude of above the plane of the polygon abcde is 15 — ff 
or 15 - 7 . 67 = 7 . 33, and the volume of the cuts will be given by the 
pyramid having the polygon abcde as a base and as vertex, 
and consequently it will be 

7 33 
2185.2125x-y-=5336.5358. 

(3) In order to calculate directly the volume of the cuts 
required to reduce a tract of ground to the required grade, 
consider the former example and suppose we are to reduce the 
ground to the onlinate H above the given datum plane passing 
through the point D. V being the actual volume of the earth 
above the datum plane, AH will be the volume of the earth which 
will remain, and the excess to be hauled away will be V — AHy 
while the volume of the earth to be used in filling will be 

For sake of simplicity suppose we have an area of rectangular 
sliape ABCDy in which the various altitudes of the prominent 
points are marked in Fig. 13, their distances also being given. 
Suppose now that it is required to reduce this ground to a hori- 
zontal plane at grade with the point E, whose ordmate is 12 ft. 



28 



EARTH AND ROCK EXCAVATION. 



The area of the surface is 3500 sq. ft., and the volume above 
the given datum plane after the work is done will be 

12A =42,000 cu. ft., 
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while the actual volume above the datum plane is given by the 
sum of the various volumes, as follows: 

70X21 xl^±-fii^ = 735.00Xl2.66= 9,305.10 

50X28 x ^''^'^!?'^ ^''"' = 700.00X13.66= 9,562.00 

55X18 .51 12+13+15 

2^3 
70X17.5 10+12+13 
"2 ^ 3 

50X1_8 x^-^.,^? = 450.00Xl0.66= 4,797.00 

47X21 10+12+15 .^„ ,„ ,„ „„ „„„. „, 
— 2— X 3 ^493.50X12.33= 6,084.85 

or F =43,675.93 
We find, therefore, that the volume to be hauled away is 
V- 12 A = 43,675. 93 -42,000 = 1675. 93 cu. ft. 



= 509.02X13.33= 6,785.23 



= 612.50X11.66^ 7,141.75 
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By proportion the vertices of the broken line GEHI inter- 
secting the horizontal plane of reduction with the surface-ground 
are easily fixed. Then we determine the area A, of this cut 
HIBCGE, which is 

A,=FIH+BFL+BCF+CEF+CEG+EFH = 

30X19 35X14 28X50 55X18.51 55X9.4 24x24.5 
■"2"^2'*'2'^ 2 +2"'" 2 
=285+245+700+509.02+258.5+291=2291.52 sq. ft., 

awl the volume of the cut 

V'. = 294.5+245* + 700» + 509.02J + 206.25J+300.12 
= 294.2+326.66+1166.66+678.69+67.83+294.00 
= 2828.04 cu. ft., 

and the volume of the earth to be used in filling is 

F,-r + 12A = 2818. 84-1675. 93 = 1142. 91 cu. ft. 



CHAPTER in. 

CUTS AND FILLS; BORROW-PITS AND SPOIL-BANKS. 

In many text-books it is stated in the most absolute manner 
that on any longitudinal profile of earthwork the grade-line should 
be established in such a position that the cuts will balance the 
fills. As a simple and practical means of insuring this balance 
it is suggested that a thread stretched in the hands be moved 
up and do\Mi the profile until the portions above the thread appear 
closely to equal in area the portions below the thread. This 
rule for locating the grade-line should be discountenanced by 
the engineer, and he should base the location of his grade-line 
on more scientific principles and independently of the cuts and 
fills. In many instances, as will be shown farther on, it will be 
found more convenient to build up the fills from borrow-pits 
and waste the material from the cuts in spoil-banks than to at- 
tempt to com})ensate one by the other. 

As a rule earthwork comprises both cuts and fills. The earth 

excavated from the cuts may ]ye utilized to form the fills, or, if 

not needed for this purpose, it may be wasted at some convenient 

place along the work, thus forming what are commonly called 

waste- or spoil-banks. Likewise the fills may be formed of the 

materials excavated from the cuts, or they may be built up of 

materials taken from places near and alongside but off the line 

of the work which are called borrow-pits. When the material 

taken from the cuts exactlv forms the fills the work is said to be 

comi)ensated, but when the material from the cuts is in excess 

of or falls below the amount required to make the fills, the work 

is said to Ix^ done by spoil-banks or borrow-pits. There are, 

therefore, two distinct methods of performing earthwork, viz., 

30 
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by compensation or by spoil-banks and borrow-pits. Sometimes, 
however, notwithstanding the fact that the volume of the cuts 
equals the volume of the fills, the distance between the cuts and 
the fills may be so great that the long haul will tend to increase 
greatly the unit cost of the work. In such cases it is found 
more economical to perform part of the work by compensation 
and part by spoil-banks and borrow-pits; thi$ gives a third method 
which is called the mixed method. 

It is of the utmost importance that the engineer should know 
which of the three methods described for performing earthwork 
is the most economical in any particular case. To give a com- 
plete answer to this problem we should have to pass in review all 
possible cases in a large variety of different forms of work, which 
is an almost impossible task. It is better, therefore, to give 
such general rules as have been accepted by engineers as the 
result of numerous observations, calculations, and estimates. 

It is generally admitted that it is more convenient to com- 
pensate the cuts and fills in the following cases: 

{I) WTien the quantity of material to be moved from cuts to 
fills is so large that, notwithstanding the large investment of 
capital required in the construction of roads and in the purchase 
of plant, the unit cost of the filling will be the smallest possible. 

(2) WTien, on account of the character of the locality, the 
spoil-banks and borrow-pits cannot be located near the work 
and a long haul perpendicular to the line of the work is necessary. 

(3) When the land through which the work passes is so valu- 
able that it is necessary to keep the area disturbed by the work 
wthin the narrowest possible limits. 

The method of spoil-banks and borrow-pits is considered to 
be the most convenient in the following cases: 

(1) When the material taken from the cut is so loose or 
treacherous that the embankment formed of it would be neither 
stable nor safe. 

(2) When the volume of cuts and fills is so small that the 
roads and plant required will increase the cost of transportation 
per unit of volume. 
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(3) WTien the value of the land occupied by the work is nil 
or ver}' small. 

(4) When on account of the short time allowed for the con- 
struction of the work it is necessary to prosecute it simultane- 
ously at numerous points along the line. 

(5) When material obstacles such as mountains or ravines 
prevent the transportation of the material taken from the cuts 
to the points where fills are necessary, until the proposed tunnels 
and bridges are built, which is usually the last part of the work. 

(6) When the distance between the cuts and fills is so great 
that, notwithstanding the cost of purchasing the land for spoil- 
banks and borrow-pits, the double excavation and the double 
volume of transported material, the cost of the work will be less 
than if done by compensation. 

It is impossible to state absolutely which of the two methods 
of work is to be preferred; the selection depends upon land and 
special circumstances such as the limits of time, the quantity of 
earth taken from the excavation, etc. In general the mixed 
method will be found cheaper where the length of the work is 
considerable, comi)ensation being employed where the condi- 
tions are favorable and spoil-banks and borrow-pits where the 
conditions are unfavorable to com})ensation. To determine 
exactly the points at which one method ceases and the other 
begins to be advantageous, resort must Ix^ had to higher mathe- 
matics. In actual work, however, mathematical accuracv is not 
required, and the practice usually followed is to determhie the 
points named by trial. Whatever means of determination is 
adopted it is always desirable that the engineer and constructor 
should know in advance the fills for which excavation from cuts 
is to Ix* used and from what cuts it is to come, and also the fills 
for which material from borrow-pits is to be used and where these 
borrow-pits are located. This knowledge is necessar}'' to secure 
a regular and uniform plan of work, and is even more essential 
for determining the mean length of haul. It is impossible to 
estimate the cost of earthwork without having previously calcu- 
lated the mean distance of haul, for unless this distance is known 
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the cost of hauling, which is one of the most important cost items 
of the whole work, cannot hie accurately detennined. 

Different methods are employed for determining the distribu- 
tion of the volumes of earth along the profile of the work. Italian 
and French engineers usually calculate it algebraically, while 
German and some French engineers determine it by graphical 
methods. In the United States no attention is paid to the distri- 
bution of volumes along the line, either in public or in private 
works. .\3 a consequence the mean distance of haul ]s not known, 
and earthwork is never calculated on scientific principles in the 
United States. The author being aware that even the United 
States Engineer Corps, which is in charge of all works executed 
by the Federal Government, did not consider this factor, requested 
the Chief of Engineers to explain the reason for this unportant 
omission, an<l received the evasive answer that he was sorrj' that 
he had no printed matter for distribution dealing with this subject. 

The simplest manner of obtaining the distribution of masses 
and the mean distance of haul is that employed by Italian engi- 
neers, which is deduced in a verj- simple manner from the calcu- 
lations of the earthwork. The information is given in the fomi 
of a table made up of ten columns as follows: 
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Referring to this table it will be seen that in the first section 
there is an excess of 560 cu. m. of cut, and between sections 1-2 an 
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excess of 140 cu. m., while the fill exceeds the cut in the portion 
of the road between sections 2 and 5. The excess of cut has to be 
brought to the points where it is needed for fill, and consequently 
the 560 cu. m. wall be distributed as follows: 90 cu. m. as near as 
possible and consequently between sections 2 and 3, at a distance 
of 49+28 = 77 m.; 310 m. between sections 3 and 4 at a distance 
of 49+28+37 = 114 m.; 160 cu. m. between sections 4 and 5 at a 
distance of 114+63 = 177 m. Having disposed of the 560 cu. m. 
excess of section 0-1, we have next to dispose of the excess of 
140 cu. m. of section 1-2, and this is taken to section 4-5, as 
indicated by the table, which can be consulted also for informa- 
tion regarding the procedure for succeeding sections. 

French engineers employ a table constructed on the same 
principle, but more complicated in form. It contains 19 col- 
umns and considers separately transportation by wheelbarrows 
and carts. The following example of this French tabulation is 
taken from Daries's Cubature des Terrassements (Table II). The 
figures in columns 1 to 5 are obtained from the calculation of the 
volumes of earth required for the work. Those in colunm 6 
represent the volumes moved by means of shovels, and conse- 
quently in a direction transversely to the axis of the work. In 
columns 7 to 10, inclusive, are given the excesses of cut and fill 
which have to be distributed along the axis of the work. Column 
11 shows the excess volume of cut to be used as fill, column 12 
the excess volume of cut to be wasted, and column 13 the volume 
to be taken from borrow-pits. In column 14 are indicated the 
places to which the excess volume of the cuts is to be taken. 
Colunm 15 shows the lengths of haul; if this length is less tlian 
90 m. the calculations arc placed in columns 16 and 17, and if it 
is greater than 90 m. they are placed in columns 18 and 19. After 
the table is completed and the calculations made, if the work is 
correct, the following equations shoukl result. Sn being the 
sum of the colunm marked n, 

O4 = Og + aS 1 1 + Si2 
Sa + >^^18 — *^5 + ^ 12 
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The distribution of the earth along the profile may be calcu- 
lated graphically by the curves of Bruckner and Lalanne. 

Bruckner's Curve. — The figure known as Bruckner's curve 
is constructed as follows: Along a horizontal line indicating the 
longitudinal profile of the axis of construction are marked to 
scale the distances between the various cross-sections and through 
each point is drawn a perpendicular line. On these perpendic- 
ulars are laid off the algebraic sum of the cuts and fills, the 
cuts b^ing considered as positives and the fills as negatives. When 
the result is positive the amount is laid off above the horizontal 
line, and where it is negative the amount is laid off below the 
horizontal line. By connecting the extremities of the succeeding 
ordinates by straight lines or parabolic curves the resulting figure 
forms what is called Bruckner's curve (Fig. 14). This curve is 
constructed upon the following assumptions. 




Fig. 14. 



(1) That each mass of cuts and fills is concentrated on its 
corresponding point of the longitudinal profile. 

(2) That on each cross-section only the excesses of the cuts 
over the fills, or vice versa, are recorded, and consequently the 
volume of earth transferred from cut to fill by shovel is not con- 
sidered. 

Bruckner's curv^e possesses a number of important properties 
which mav be summarized as follows: 

(1) The maximum and minimum of the curve correspond to 
the points at grade where the cut ends and the fill begins, or 
vice versa; thus the points 3/ and N (Fig. 13) are points at grade. 

^^2) The nature of the work is the same in the space between 
a maximum and a succeeding minimum, and is always cut; it is 
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also the same between a minimum and a succeeding maximum 
and is always fill. Thus in Fig. 13 the work between A and M 
is cut, E and F being points at grade. 

(3) The base-line detaches from the curve segments whose 
bases represent sections of line in which the cuts and fills are 
compensated. Thus the cuts equal the fills for the section of 
line AB, and the common volume is represented by the line EM. 

(4) Considering any section AB in which the fills MB are 
made with materials taken from the cuts AM, the surface AMB 
represents the sum of the moments of the corresponding haul 
(products of the volumes by the distance). 

Property No. 3 of the curve indicates a method of distributing 
along the axis of the construction the materials obtained from 
the cuts. But since this solution is possible for every line parallel 
to the ground-line and each one will give a new distribution of 
the earth, among the infinite solutions must be selected the one 
which requires the minimum of transportation. In giving the 
line of distribution two conditions must be observed: 

(1) That the sum of the surfaces of the segment separated by 
this line on the curve be the minimum. 

(2) That the volume of materials taken from borrow-pits or 
deposited on the spoil-banks must not be increased. 

Several cases may happen. The curve of Bruckner ends at 
the ground-line, or else it ends either above or below the ground- 
line. If the extreme of the curve ends at the ground-line this 
is the line of distribution of the masses. But if the curve of 
Bruckner ends above or below it, from the free end of the curve 
is drawn a horizontal line. Afterward are calculated the respec- 
tive sums of the chords intercepted by the ground-line in the 
segments that increase and decrease in a plan toward the free 
end of the polygon; if the first sum is greater than the second 
then the ground-line is the line representing the distribution of 
the volumes; otherwise the line is raised up or lowered until the 
sums of the opposite segments are equal. The position of the 
lines satisfying such a condition is the line of the distribution of 
the volumes; but when it is not satisfied before the free end of 
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the curves is reached, then from this extreme is drawn a horizon- 
tal line, and this will be the line of the distribution of the masses. 

Lalanne's Curve. — This is the only graphical method em- 
ployed by French engineers for calculating the distribution of 
the earths along the longitudinal profile of the construction as 
well as the mean distance of hauling. It is older than the Bruck- 
ner curve and it can be considered as a modification of this 
notwithstanding it is simpler and is based on the same principle. 
Also in this case the ordinates represent the algebraic sum of the 
volumes of cuts and fillings, the cuts being considered as positive 
and the fillings as negative. The upper points of the various 
ordinates instead of being connected by means of straight lines 
or parabolic curves as in the Bruckner method are connected 
by horizontal lines drawn parallel to the ground-line. The so^ 
called Lalanne's curve is really composed of a series of parallelo- 
grams above or below the ground-line, and it is very convenient> 
for the location of the line of distribution and the calculation of 
the mean distance of hauling. 

In Fig. 15, representing Lalanne's curve as given by Daries^ 
he says that the volume BA of the cut should be carried on the^ 
equivalent volume Nh of fillings, and the mean distance for this^ 
partial hauling is Ah, If the hauling is smaller than 90 m. bar-^ 
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Fig. 15. 



rows will be employed, otherwise the material will be transported 
by means of carts and wagons. Also the volume mC of cuts 
must fill in the equivalent volume Gn of fillings, and the partial 
mean distance of hauling is dh. 
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When Lalanne's curve ends alwve the ground-line, there is 

i excess LI ot fillings, which i» necessary to build witli materials 

Utken from botrow-pits, but when the line of the curve enda on 

the ground-line this is the line of distribution of tiie volumes antl 

llie work will then be corapeiisatetl. 

Tlie mean distance at which the materials ought to be hauled 
is usually calculated according to the following metho<ls: 

{!) By the liorizontal distance of the projections of the centers 
of gravity of the cuts and fillings. 
(.2) By the moment. 
*3> By Bruckner's and lalanne's eur\'es. 

By the Projection of the Centers of Gravity.^The geometrical 
position of the centers of gr.iviiy of the cuts and fillings can be 
i-aJiiK- deduced from the longitudinal profile and cross-sections 
in tlie folluwing mamier. On a horizontal line lay off the dis- 
ta^ices of the various croiw-sections, erect perpendiculars and 
on these take segments representing tlie excess of the cut or 
hUinK in the same cross-section; the segments indicating the cuts 
ft^R niarketl above tlie horizontal line and those representing the 
filliiifp l)p|ow. Unite aU the points of the cuts and those of fill- 
'^ers, find the centers of gravity of these two figures, and the 
h">iiioninl distance of their projection will represent in scale the 
iiw'aii distance of hauling. Only the difference between the 
•^utsand fillings on the same section is marked here, because the 
*^rth removed from the cut anil used for fillmg on the same sec- 
'lon is not removed, ami consequently it is only the surplus that 
■"^W 1)0 hauler! away. 

The same result could be directly obtained from the graphical 
"•ptpsentation of the volumes of earthwork, as given on p. 23. 
By revolving the figures around the horizontal line and omitting 
the o\-erlapping portions, which means to ehminate the areas of 
^t*and fillings compensatcii on the same cross-section, then the 
''"riiontai distance of the projections of the centers of gravity of 
"^ remaining areas will be the mean distance of hauling. 

Tlie horizontal distance of the projections of the centers of 
E'^^'ity of the cuts and fillings, however, represents the mean 
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distance of hauling only in case that the cuts and fillings are 
compensated. But when the cuts are in excess of the fillings or 
vice versa, and consequently the part in excess must be deposited 
in the waste-banks or taken from borrow-pits, the mean distance 
of hauling will then be given by the averages of the horizontal 
distance of the centers of gravity of the portions that are com- 
pensated and the horizontal distance of the projection of the 
centers of gravity of the excess of the cut and the spoil-bank as 
the defect of the cut and borrow-pit. 

By Moments. — The second manner of calculating the mean 
distance of hauling is by moments. The name is borrowed from 
the mechanic, and means in this case the quantity of volume of 
earthwork included within two consecutive cross-sections mul- 
tiplied by the distances at which this partial volume must te 
hauled. The mean distance of hauling will be obtained by the 
quotient of the sum of the moments of hauling divided by the 
sum of the hauled volumes. 

On the application of this principle the mean distance can be 
correctly calculated by a very long process; but since in practical 
works the promptness of a method is always preferred to great 
mathematical accuracy, the mean distance of the hauling is 
obtained from the tables already given and especially constructed 
in order to know the distribution of the various masses of the 
earth along the line of the work. 

According to the table used by the Italian engineers, illus- 
trated at p. 33, the mean distance of hauling is obtained by the 
sum of the numbers in column 10, representing the partial products 
of the volumes to be removed, multiplied by the distance at which 
they ought to be hauled. Such a total, which in the case here 
considered is 94,498, must be divided by the sum of the num- 
bers in column 8, representing the partial volumes 968. In 

94 498 
this case the mean distance of hauling will be J^^ =97 meters. 

968 

French engineers considering sc^parately the hauling done by 

means of wheelbarrow and that done by cart and wagon, two 

different mean distances are obtained, the one for the barrow, 
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and the second for the cart. In both cases, however, the mean 
distance of hauling is given by the suni of the products of the par- 
tial volumes by their distance, divided by the sum of the partial 
volumes. Thus the quotient of the numbers in columns 16 and 
17, 2503 and 148,110 respectively, being 59, will represent in 
meters the mean distance of hauling by wheelbarrow; and the 
quotient of the numbers in columns 18 and 19, 2361 and 282,934 
resj)ectively, being 205, will give the mean distance of hauling 
by cart and wagon. 

By Bruckner and Lalanne's Curves. — Both curves have been 
already explained at length, and consequently any further expla- 
nation will be useless. The area limited by the perimeter of the 
cur\'e of Bruckner and the horizontal ground-line represents the 
moment of hauling of the volumes multiplied by the greatest 
ordinate, or the product of the volume multiplied by the mean 
distance ; and consequently the mean distance of hauling is given 
by the total area divided by the greatest ordinate. 

Similarly with the Lalanne's curve. Here the heights of the 
parallelograms are respectively equal to the algebraic sum of 
the cuts and fillings, while the bases of the parallelograms repre- 
sent the partial distance of hauling. In this case also the gen- 
eral mean distance of hauling to be used in calculations will be 
given by the total area divided by the greatest ordinate. 



CHAPTER IV. 

CLASSIFICATION OF MATERIALS; ROCK EXCAVATION WITHOUT 

BLASTING. 

CLASSIFICATION OF MATERIALS. 

The operation of destroying the cohesion of the earthy mate- 
rials in order to remove them from their natural bed in the exe- 
cution of work is termed excavation. These materials oppose 
a resistance to being moved which varies greatly with their nature. 
Some of them, as quicksand and mud, oppose little if any resist- 
ance, while others, as rock and indurated clay, oppose a very 
strong resistance. On the basis of resistance offered to excavation 
the earthy materials may be divided into two broad classes, 
earth and rock. On the same basis it is customary to divide 
both earth and rock into several subclasses. 

Earth is usually divided into very loose soils, loose soils, and 
friable soils. The very loose soils are those which have so little 
cohesion that they offer practically no resistance to being sepa- 
rated from their natural bed, and may be removed by shovels; 
they are sand, mud, quicksand, peat, etc. Loose soils are those 
which have sufficient cohesion to make a stronger tool than a 
shovel necessary; the spade is necessary for their excavation. 
Clay, shale, gravel, and some sands belong to this group. The 
friable soils are those which require a sharp-pointed tool to break 
them up ; the pick is the tool used in their excavation. Indurated 
clay, disintegrated rock, volcanic deposits, and agglomerated 
sands are considered friable soils. 

Rock-like earth may be divided into three classes upon the 
basis of its re^^istance to excavation; these chusses are soft rocks, 
rocks of ordinary consistency, and hard rocks. Soft rocks are 
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those easDy moved by iron bars and wedges, and they comprise 
the slates and other stratified and easily split stones. The rocks 
of ordinary consistency are such as can be removed by iron bars, 
sledges, and channeling-machines, and among them are sand- 
stones and various micaceous and talcose rocks. The hard rocks 
are those of such hardness and toughness that none of the tools 
mentioned are capable of breaking them up and blasting has to 
be resorted to. Generally in engineering work the softer rocks, 
which are capable of being excavated by tools, are blasted to 
shorten the time of excavation. 

Because of the different degrees of resistance which different 
materials offer to excavation, the time required per unit volume 
for their excavation differs. These times are usually expressed 
in functions of a day^s work, which is assumed to be ten hours, 
and by multiplying these numbers by the daily average of the 
workmen the cost of excavation per imit volume is at once known. 
The values of these f mictions are usually assmned to be as follows: 

Very loose soils, including loading . 07 to . 09 

Loose soils, excavation only 0. 13 to 0. 18 

Friable soils, " " 0.20 toO.25 

Soft rock, " " 0.35 to 0.50 

Ordinary rock, " '' 0.75 to 1.00 

Hard rock, '* " 1.2 to 1.5 

These figures serve merely to give a general idea of the tune 
employed for excavating a unit volume; the engineer must 
make special estimates for any particular case. It is needful 
to note also that these data are for materials excavated in the 
open air, and must be modified when the excavation is done imder 
difficult circimistances, as, for example, in tunnels, deep trenches, 
and shafts. For work done in tunnels the above coefficients 
should be multiplied by 1.5 for earth and by from 2 to 3 for rock. 

In sinking shafts, where the work is still more difficult, the above 
coefficients should be doubled. In trenching, although the work 
is done in the open air, a change of the coefficients given is neces- 
sary^, but it is difficult to say definitely how great this should be, 
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Hin('(» local circumstances, vsuch as the depth and narrowness of 
the trench, have a gn^at influence. It can be assumed in a general 
way, ho\v(»v(»r, that for trenches of ordinarj^ size and depth 
lheH(» co(»!hci(Mits should Ix* incrciuscnl by quantities ranging from 
one-third to onc^-fourth of their value. Water increases the diffi- 
euhy of (»x(*avation in tn»nches, and where surface-water, small 
Hpriii^H, or s(»epag(^ an* prtv^ent the coefficients given should be 
iiicreas(»d about If) per cent. 

In earthwork tlu» quantities are always measured on the 
material in its original IhhI. and the coefficients which have l:)een 
considered al)(»V(» wfvr to materials so measured. A cubic yard 
of earth or rock in it^ natural IkhI makes considerably more than 
a cubic yard of i^xcavated matiTial; generally speaking, the in- 
crease in volume is proportional to the resistance offered to ex- 
cavation. It can 1m» assumed as a general rule that for earth the 
increase is from 20 to 2") jht cent., and for rock from 30 to 40 
per cent. 

T\u' excavation of either earth or rock can be done by hand 
or by machine. In this and the succwding chapters the tools 
ami ma<*hines employetl in earth and rock excavation are de^ 
scriJMMl and their use antl ojuTation exjJained. 

HOCK i:XtAV\Tl(>\ WITHOIT BLASTING. 

From tlic carlv davs of human civilization until verv re^ 
ccnlly tlic excavation of rock was accomi)lished solely by mean^ 
ol" hand-tools. Thus all the cut stones that were employed 
over (HUM) vears airo in tht* construction of the Pvramids and 
other Mtryptian monuments, as well as the large stones used in 
the construction of the cyclop^an walls which surrounded the 
])rehistoric cities of (li-eetH* and Italy, wt^n^ excavated by hand. 
For mining and enirintMM'inir ])\n*|)oses, however, the excavation 
of rock was facilitated by suddiMily coolinir with water surfaces 
which had Ix'en j>i*eviously Iu^U^mI by tiiv. On account of the 
sudden chan<;c in temjxM*atun^ cracks wen^ proiluceil which 
alTordcMl i)oints of attack by wedp-s ami other sharj) tools. Fire- 
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setting, as this operation was termed, was the only means of 
rock excavation, aside from hand-tools, which was employed up 
to the early part of the eighteenth century, as old engravings 
illustrating the mining operations of that time clearly indicate. 
It is still employed for breaking small boulders in contract 
work, and the author has witnessed its use on a large scale at 
the calcedony quarries near Sant Antonino di Susa in Italy to 
break up the rocks for the stone-crushers in making fire-proof 
bricks. 

In 1613 the art of rock excavation was revolutionized by the 
introduction of blasting. In that year gunpowder, which up to 
that time had been used for artillery and other military" pur- 
poses exclusively, was employed by a chief mining boss at 
Freiburg in Germany, for blasting the ore-bearing rock in the 
mines under his charge. Blasting by gunpowder was employed 
exclusively until the second half of the last centur\% when the 
discover}' of nitroglycerine and its derivatives gave a more power- 
f^ explosive which has largely replaced gunpowder, although 
the latter is still used. 

Rock may be excavated in two ways: (1) directly, by hand- 
tools and machine-cutting, and (2) indirectly, by blastmg. Soft 
^ks and thin stratified rocks are generally excavated by hand- 
t^ls; it is only recently that rock-cutting machines have been 
?^nerally employed. For excavating hard rock blasting is prac- 
tically universiil. In blasting, which is the process of shattering 
^k by the sudden generation of a large volume of gases in an 
^Qclosed space, several separate operations are required, viz., 
"^ring the holes, charging them with the explosive, tamping the 
opening, and firing the charge. The holes are bored to receive 
the charge, and the charge is the explosive matter from wliich 
^"^ gases are developed ; the tamphig or closing of the holes abo\'e 
t"6 charge prevents the gases from escaping without shattering 
^"^ rock, and the firing is the act of igniting the explosive. 

^^^len rock is excavated by din^ctly removing it from it? 
'^turalbed by means of hand- tools or cutting-machines the tools 
°^^t commonly employed are picks, crowbars, drill and haninier. 
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Bledge-hammers, wedges, and the plug and feather; the only 
cutting-machine used in the excavation of rock for public works 
is the channeling-machine. 

Pick. — The pick employed by the quanyman is similar to 
the one employed in the excavation of earth; it may have both 
ends pointed or one. end may have a chisel edge. The points 
being wedge-shaped permit the tool to penetrate the joints or 
seams of fissured rock or between the lamina? of thinly stratified 
rocks, such as slates and shales. When its point has been forced 
into the rock the pick is used as a lever to increase the fracture by 
prizing upon the handle. Thus the action of the pick, as Mr. 
Lock says, embodies the actions of the hammer, the wedge, and 
the crowbar. It acts as a hammer in delivering a blow, as a 
wedge in penetrating and disrupting the rock, and as a crowbar 
or lever in forcing out large masses. When one of the pomts is 
chisel-edged the pick is used for cutting off the projecting comers 
and chips to smooth the walls of the excavation, but properly 
speaking it is not then an excavating-tool. 

Crowbars. — The crowbar (Fig. 16) consists of an iron rod, 
an inch or more in diameter and 5 or 6 ft. long, which has on^ 
end shaped to a chisel edge and the other end bent to permit it^ 
use as a lever. Crowbars are used in excavating fissured oiT 
thinly stratified rocks. In operation the chisel edge is forcecL 
into the seams or between the strata, and the bar is s^vlmg baclc 
and forth, enlarging the opening. When the crevice is large- 
enough the bar is reversed and the bent end inserted, after which 
the swinging back and forth is continued until the fragment of 
rock is detached from its bed. 

Sledge-hammers and Wedges. — Rock is frequently excavated 
by means of sledge-hammers and wedges. The sledge-hammer 
(Fig. 17) consists of a parallelopipedon of iron with its extremities 
hardened, and having an eye at the center. Its weight varies 
from 30 lbs. to 50 lbs., and a wooden handle from 2 J ft. to 3 ft. 
long is inserted in the eye. The blow which can be struck with 
an implement of this character is very powerful. The sledge- 
hammer may be used alone or in connection with a wedge. They 
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are used alone for breaking masses of stone which have already 
been separated from their natural bed, and with wedges where 
the pxupose is to separate a mass of rock from its bed. In break- 
ing stones, if they are of moderate dimensions they are placed so 
as to be supported at the two ends, while the blow is delivered on 
the center. As a rule several blows are required, and each should 
be delivered on the same spot and at right angles to the quarry- 
bed. To break up rocks too large to be handled as just described 

A 
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Fig. 17. 



the projecting comers are first sledged off, and then a succession 
of blows delivered on the center of the remaining mass until it 
flies to pieces from the shock; or, if the mass is very large, it is 
split by means of the wedge. 

Wedges of the form shown by Fig. 18 are, as a rule, made of 
iron and are about 1 ft. long and have a head 3X6 ins.; but 
sometimes, especially in the excavation of 
very soft and thinly stratified rocks, they are 
made of wood and with very much larger 
dimensions. Wedges are used mostly in cutting 
the rock from its natural bed, and the mode 
of procedure of this work is as follows: A slot 
is first cut in the rock by means of a pick or ^^o. 18. 

crowbar, and the wedge is mserted in this slot and driven home 
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by blows with the fledge-hammer. By cutting a long slot, inserting 
a. number of wedges at intervals and driving them simultaneously 
the rock can be split along a given line, and blocks of any dimen- 
sions ordinarily required thus broken out. Weilges are found 
most serviceable, however, when the dip of the rock is such as 
to permit their insertion between the strata so that the rock is 
split along its natural cleavage-lines. 

Plug and Feathers. — For removing rock in blocks the plug 
and feather is a more satisfactory implement than a wedge. Tliis 
method of excavation belongs more properly to quarrj'ing than 
to ordinary excavation, but as in most engineering 
works where rock excavation is required there is 
masonry work which requires stones of regular 
sha|>e, it is described here. The first operation is 
to drill a row of holes spaced at intervals along the 
line of the intemled fracture. These holes may Ijo 
drilled by hand or power drills, exactly as are holes 
for bla.sting as described in a succeeding chapter, but 
they are drilled only about a foot deep. In each 
hole an? placed two feathers which are made of 
half-round wrought iron and is the form shown by 
Fig. 19. The plug is a i)iece of steel of the form of 
a truncated wedge, and it is placed between the 
featlKTs (Fig. 19) and ilriven tight. When the plug and feathers 
have bfH'u stiirted in all the holes, the plugs are driven down 
sinmltiUH'ously by light l)low.s until the rock splits along the line 
of holes. 

Channeling-machine. — The channeling-machine is a machine 
for cutting vertical slots or channels in rock, and a view of such 
a device at work is shown by Fig. 20. A vertical boiler is mounted 
on 11 ear and supplies steam to a vertical eylhider, the piston-rod 
of which projects downward and carries a .sort of cross-head to 
wJuch are clamped the various cutting-tools. The car travek 
back and forth on a track ptindlel and close to the proposed cut, 
which is made by the tool or chisel receiving a reciprocating 
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lotion from the motion of the piston in the steam-cylinder. The. 
Elridth of cliannel cut is usually 2| ins. at the top and 1^ ins. at 
the bottom, the taper being found desirable in removing the 
chips and dust, which soon obstruct the tool by accumulation 
unless gotten rid of. This is fretjuently accomplished by flushing 
the chaimel with a jet of water. The cutting-bars used are of 
dtfTereot lengths; the shortest is 2 ft. 10 ins., and it will cut a 
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slot 18 ins. deep, and the others increase in length successively, 
each cutting the slot IS ins. deeper than the preceding. The edges 
g4)i these tools are shaped in different ways according to the mate- 
1 to be channeled, and they are provided with shanks 1 in. 
Iiick and 6 ins. wide, by which they are attached to the cross- 
Tlie largest cutt«r employed with this machine is S8 ins. 
, so that the rock must be excavated in trenches from 7 ft. 
1 8 ft. deep. The work of the channeling-machine frees the 
rock from its natural bed, but only on its vertical sides; to free 
it from the bottom other means have to be adopted. For this 
purpose wedges are used, they being tlriven between the strata 
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if the rock lies in horizontal layers, or into the holes formed by a 
gadder if the rock is not stratified horizontally. The gadder 
is a machine by which a row of horizontal holes can be bored in * 
line with the flow of the cutting. 

The efficiency of the channeling-machine varies of course with 
the character of the rock being worked. In imiform sandstones 
it will cut about 500 sq. ft. of channel per day; in marble it will 
cut from 70 to 125 sq. ft. per day. In the excavation of the 
Chicago Drainage Canal, where channeling-machines were em- 
ployed for the first time on a large public work, their capacity 
ranged from 50 sq. ft. per day in the moist material to 500 sq. ft. 
in the hardest and most homogeneous rock. It has been foimd 
by experiment that the most satisfactory depth of cut is between 
6 and 10 ft., although this is considerably more than the average 
depth in quarrying. 

Channeling-machines are built by the Sullivan Machinery 
Company of Chicago, 111., and the Ingersoll-Sergeant Drill Com- 
pany of New York, N. Y. The features of merit claimed by 
the makers and apparently proved in the construction of the 
Chicago Drainage Canal are convenience in operation, economy 
in fuel consumption, and efficiency. The cost of running a channel- 
ing-machine on this work was given by Engineering News as 
follows: 

Wages of driver $2.75 

Wages of fireman 1 .75 

Wages of helper 1 .50 

Blacksmith and team for hauling drills 0.68 

Superintendence 1 .33 

Cost of coal delivered to machine 2 . 50 

Total $10.51 

The cost of working may be approximately learned from the 
follo\nng figures, refeaing to a fairly representative month's 
operation of an Ingersoll-Sergeant channeler on the Chicago 
Draniage Canal: 
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Driver^s wages $80. 10 

Helper's wages 39.30 

Foreman's wages 48 . 58 

Coal 80.00 

Total $247.98 

Square feet channeled 4,020 

From these figures the cost amounts to about 5 cents per 
square foot. This does not include the cost of blacksmith's 
work in sharpening tools; adding this and such other items as 
oil, stores, etc., the cost of the channeling work appears to have 
averaged 8i cents per square foot, or 2.8 cents per cubic yard of 
excavation between the channels on opposite sides of the canal. 
All the other items, as repairs, interest on capital, sinking fund, 
etc., it may be safely assumed that the cost of channeling was 
3 cents per cubic yard of material excavated. 



CHAIT^ER V. 

EXCAVATION OF UOCK BY BLASTING: THE DRILLING OF THE 

HOLES. 

Thk oxeavation of rock for the execution of public works is 
usually ilone by bh\8ting. Blasting, as has already been explained, 
is tho i>}x^n\tion of shattermg rock by the instantaneous generation 
of a large voliuue of gas in a confineil space. Several different 
i^jHM'jxtions are nH^uinHl in blasting rock; the first is the drilling 
irf hi>les into the nH*k, the second is the charging of these holes 
with an oxpU>sive» the thin! is the closing of the holes by tamping, 
and the fiuirth is the tiring or ignition of the charge. These oper- 
atii>ns an^ vlescriUnl and explainer.! in this and the two succeeding 
chattel's, 

HVM^DRIULING. 

The drilVmg of the holes for blasting operations may be done 
either by haiul or by uuiohuKM.lrills. Hand-drilling is emplo>Til 
whi'iv th<^ quantity v>t iwk excavatevl is so small that it will not 
pay to iiistal a iK>\ver plant and employ machine-drills. The 
excavation of small ttvuohos for pi^vs and conduits under city 
stixvts is ail ovunple ot suoh a case. The tools used in drilling 
by haiul aiv orv»\\bars and haiuUlriUs aikl hammers. 

Crowbars. The crv>\Nl>ar iisi.\l in driUiii;j: is substantially simi- 
lar lo I IK' *,>no u>i\l in oxoavalin;:^ n.vk without blasting, which 
has :i''>\ut\ Uvn vioscrilvd. U is a suvl n.nl IV in;?, in diameter 
aiMi ■'•*i:i •"> lo 7 'I. '^n\^. ilio i\\\» ciuls ot winch are sharpened to 
a cIum'I .''i^c. llio iiiair'cr oi v^rvrarii'^j: the bar in ilr tlling is to 
rH:>t- '• .I'^i 'c^ *t 'all \friica!'\. ii:r»rji^ it suir^tly in the hand at 
oao'^ '\»/\\. l*v cv'i":"ucvi '.-t'lvu'/.oii oi blows lirills the hole. 

32 
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The chisel edge is made about 1 in. wider than the diameter of 
the shaft of the bar, so that the hole will be cut large enough to 
prevent any binding or wedging of the bar and thus permit it 
to fall freely. The object in turning the bar at each blow is to 
make it strike a fresh surface of rock. The hole is kept wet for 
the tlouble purpose of preventing the heating of the bar and soft- 
ening the rock. The chips and dust which accumulate in the 
hole must be removed frequently or else it will form a cushion 
which wall stop further cutting of the rock. Scrapers are em- 
ployed for removing these debris. These are iron rods J to 
i in. in diameter, with one end flattened and turned up to form 
a scoop. When being inserted in the hole the scraper is turned 
in the fingers so as to take on a load of chips and dust, which is 
then hoisted out of the hole by withdrawing the scraper. This 
operation is repeated imtil all the debris is cleared from the hole. 
Drilling by means of bars is very efficient in rocks of small tenacity, 
like sandstones and calcareous rocks. In these materials a man 
working 10 hours a day can drill from 30 to 50 lin. ft. of hole: 
for harder rocks the chisel or hand-drill and hanmier are more 
efficient drilling-tools. 

Chisel or Hand-drill. — ^The hand-drill (Fig. 21) is an iron oi 
steel rod terminating at one end 
in a cutting edge and at the other 
entl in a flat face to receive the blow 
of the hammer. As in the bar-drill 
and for the same purpose, the bit is 
made wider than the shank of the 
<lrill, this excess width varying with 
the depth of hole to be bored. 

Hammer. — The hammer (Fig. 22) used with the hand-drill 
consists of a parallelopipedon of iron with steel ends, and an eye 
at the center to receive a handle. The length of the hanmier-head 
is usually from 6 to 8 ins., and it has a cross-section from 2^ to 
3 ins. square. The handle is usually about 18 ms. long. The 
total weight of the hanmier is about 5 lbs. 

Method of Operation. — The manner of operating the hand- 
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drill and hammer is as foUows: Holding the drill against the rod 
and in his left hand, the driller strikes its head vfith. the hanun^ 
he then raises and turns the drill slightly and repeats the blow 
This process is continued unti! the hole reaches the requlrei 
depth. As in bar drilling, the hole is kept wet and the chips a 
dust are removed at intervals with a scraper. This method a 
drilling is verj- slow, and should be used only where a few isolatei 
holes are to be drilled or where an occasional boulder is encoun 
tered and has to be removed by blasting. Where a considerabb 
number of holes have to be drilled the preferable practice is U 
employ three men to each drill, one man manipulating the drill 
and the other two striking it irith sledges like that already de 
scribed but weigliing only about 10 lbs. and havmg longer handlea 
The drills used vary in length from 2 to 10 ft. Usually tin 
men alternate in holding the drill, and the blows are delivere 
alternately by the two strikers. With expert workmen ti 
steadiness and regularity of the blows is quite remarkable, the 
click of the hammers being aa steady and monotonously regulat 
as the tick of a clock. The progress of work with hand-drills 
and hammers varies with the character of the rock. 

MACHINB-Dlt ILLING. 

The drilling of the holes for blasting operations is more usuaQ) 
performed by machine than by hand. Several forms of rocif 
drilling machines or power drills have been devised, but th^ 
may all be classed either aa percussion drills or rotatory drills 
Percussion drills, as their name indicates, operate by strik 
a series of sharp rapid blow,?, while the latter operate by a t 
boring action like a carpenter's augur. 

Percussion Drills. — A percussion drill may be described aa i 
machine designed to operate a drill-bar with a reciprocating motioi 
so that it alternately strikes and withdraws from a rock surface t 
be drilled. The operating mechanism may be a piston workinj 
in a cylinder or it may be any other mechanism capable of prs 
ducing a reciprocating motion. Besides giving the necess 
reciprocating motion the operating mechanism must graduaQj 
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t rotate the drill so that a fresh surface is always presented to the 
I cutting eilge aiid it must also advance the drill an the hole deepens. 
I We shall discuss first the piston-driven fonn of drill and afterwards 
[, other forms. 

As piston-driven percussion drills are usually operated by 
! eoinpressed air they will be 
[ called air-drills in the fol- 
[ lowing discussion. There 
[, are numerous forms of air- 
Is on the market, but 
,' are all built on the 
iine principle juid differ 
lom each other only in 
wir details and chiefly in 
details of the valve 
»iiFtruction. A gootl per- 
ision drill should work 
lith little pressure and 
ilould have but few parts, 
ind these of sucli a char- 
that they can be 4 
iUy removwl and re- 
[need. 
As a specific exanipli- 
of an air-tlrill the Ingcrsoll- 
Sergeant is illustrated in 
Fig. 23. As will be seen 
the drill is fastened to the 
_e!nd of a piston working 
I cylinder wliich is free 
I slide in a fixed frame 

cached to a supporting tripod (Fig. 24). -^ the drill [wne- 

■ates the rock the cylinder is fed forward, either automatically 

■ by hand, by means of a feed screw collared at it supper end 

fixed frame and having a crank on its hip when it is 

, by hand, and being provided with an automatic feeding 
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arrangement when automatic feeding is employed. The valve 
is shapeil like a spout and is inserted in a valve chest, within which 
it operates to and fro endwise, sliding on a loose mandril or bolt. 
This valve is operated by the compressed air iind by its motion 
ailmits air to first one and then the other end of the cylinder. The 
rotation of the drill is caused by the piston 
sliding on a spirally grooved bar. The cut- 
ting edges of the drill called bits are usually 
either +-shaped or X-shaped. The former 
shape is used in very hard and uniform 
rock, but the X -shape is generally preferred, 
as it has only one-half the chance of striking 
in the same [jlacc. Repeatetl blows in the 
same place will give a grooved or rifleil hole, 
or one which has angular curves. In quarry- 
ing sand-stones, a flat bit similar to a cliisel 
is generally employed. 

The usual manner of mounting an air-drill 
is on a tri|K)d as shown by Fig. 23. A tlrill 
tri|x)d consists of a triangular block to which 
the legs are hinged; the legs are telescopic, so 
that the tripod may be adjusted to stand 
on uneven ground, and to each is attached 
a heavy weight of iron to give the drill 
stability. In turmel and mine work drills 
are frequently mounted on cast-iron columns 
with two screws at the bottom and a rosette 
at the top if used vertically or, if used 
horizontally, with one screw and a "claw- 
foot" instead of a rosette. To permit longer 
drills to be readily inserted as the hole deepens a clamp is 
attached to the piston which can be quickly opened and closed 
by means of bolts. 

Every manufacturer builds different types of air-drills and 
also different sizes of the siune type. The size of a drill is generally 
designated by the size of the cylinder; thus a 2-iii. drill is one 
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whose cylinder is 2 ins. in diameter. The larger the cylinder is 
the greater is the force of each blow and the fewer are the strokes 
made in a given time. The following table taken from the cata- 
logue of the IngersoU-Sergeant Drill Company indicates the sizes 
of the drills most suitable for different kinds of work: 





For Holes. 










1 






Mount- 
ing. 


Cylinder 
Diam- 
eter in 
Inches. 






Sue. 


Depth in 
Feet. 


Diam- 
eter in 
Inches. 


Claas of Work. 


Remarks. 


A 


1-4 


i-ii 




2 


Plug and feather; 
trimming walls; 


Smallest and 
lightest drill made: 
135 lbs. for triix)a 








3 




small shallow holes 












and drill 


B 


4-6 

1 
1 


1-1} 


ipod, coll 
irs. 


2i 


Plug and feather; 
small tunnels, etc. ; 
slate quarries ; 


Small and' light 
drill for medium 
work 




1 






narrow veins 




C 


' &-10 


1-2 


Bed on tri 
[jiiarry hi 


2i 


Slate quarries ; 
small tunnels; nar- 
row veins 


Small mine drills, 
also for gadders 


D 


&-12 


11-2 


3» 


Mining headings; 


Standard size for 








^l 




sinking shaft 


general mining 


Tl 


1 




^o 






work 




&-14 


lJ-2 


B H can 1 
iiaft bars, 


3J 


Tiarge open quar- 
ries; minmg hard 
rock 


Same as D, with 
larger cylinder for 
more powerful blow 


F 


6-20 


li-3 


31 


Open quarry 
work; railway cuts; 


Large drills for 








N 00 




deep holes and 


G 






00 
.4^ 




large tunnels' 


heavy work 


10-27 


2-4 




4i 


Large granite 


Automatic-f e e d 








0) 




quames, a e a v y 


drill for holes over 










railway cut, etc., 


27 ft. deep 


w 






5 




and for hard rock 




H 


10-32 


a-6 


5 


Submarine and 


Largest size of 
rock-drill made 
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The efficiency of the air-drill varies with the character of the 

^^' Manufacturers generally state that the average work 

P^r ten-hour day drilling holes downward and including the time 

lost in setting up the drill and changing the bits may be assunuMl 

^ be from 50 to 75 ft. of hole. The writer, however, kept 

^^rds for nearly six months of the daily work performed by 

fen air-drills working on the mica-schist rock of New York City, 

^hich is much softer than granite, and found the average tcD- 

iour day's work to be 45 ft. On one occa;sion a drill made 72 ft., 
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ate dhrection, one over tlie other. This shaft is liriven b}- n 
portable electric motor of IJ H.P. The shaft is attiiched lo a 
bevpl-jjenr driving a crank-shaft, A, which passes through the 
driU-ciusing. Thi- craiik-pin works in the slotted horizontal arm 
of the bell-crank lever, whicli is mounteil on :i fhaft journaled 




in the easing. The vertical arm etraddira the drill-rod and is 
fitlcii to tninnions on a casting whicli sHdes on the rod. Bctiveen 
till" caBting and collars on the ro<l are coiled springs through 

[\ the power is transmitted for mo\'enient of the rod in each 
lion. The pa.rts are so jiroportioned as to give a sharp 
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cutting stroke and a slower return stroke, while a flywheel, 
on the crank-shaft also provides for uniformity of action. At 
the heel of the rod is a rifled section, or ratcheted rod, working 
in a rifted nut by which the required rotary movement is given 
to the drill-bit. The rotating device and the chuck are the same 
as in compressed-air drills of the ordinary type. The cylindrical 
casing is fitted to a slide or feed-table operated by a feed-screw 
and crank-handle in the usual way, and this table is mounted 
either upon a column, tripod, or bar, according to the require- 
ments of the work. The machine makes about 580 strokes per 
minute, and its weight, exclusive of the tripod or other support, 
is about 230 lbs. A number of machines are now in use in mining 
operations, and they are introduced by the Mine and Smelter 
Supply Company of Denver, Col. 

Mr. A. J. Underwood, Superintendent of the Carisa Copper and 
Gold Mining Company at Robinson, Utah, who has introduced the 
Durkee drill in his work, speaking of the machine, says: *' Regard- 
ing the durability of the drill can say that the cost of repairs has 
been less than that usually experienced in the operation of an air- 
drill during the same period of time. The cost of operation does 
not exceed one-third of that required in operating the same size 
of air-drill. One very obvious advantage of the Durkee over an 
air-drill is its powerful * pull-back,' which enables it to drill in the 
fissured ground with greater progress than with an air-drill.^' 

Notwithstanding the success obtained by electric drills in 
mining operations, they have not yet been introduced in public 
works. The wTiter has openly complained in Engineering that 
the contractors of the New York subway did not care even to 
give a trial to electric drills. By their use the cost of excava- 
tion would have been greatly reduced and the contractors could 
have realized greater benefits. It seems that prejudice affects 
some contractors so deeply as to prevail in conspiring even against 
their own pockets. 

Rotary Drills. — Rotary drilling- machines are very seldom 
employed in ordinary excavations, although they are extensively 
used in tunneling and prospecting, and consequently their use 
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; contraclors is very limited. Rotary drills, as ihe name 

ates. bore holes by rotation ; that is, a core of rock is cut out 

by a hollow cylinder provided with a cutting edge hiwing a rapid 

wan.' movement and pressed with great force against the rock. 

l)n this principle two kinds of machines are built, diamond drills 

awl lho!«* with hanlenod steel bits. 

Diamond drills consist of a hollow bit on the cutting edge 
4 which there are diamonds set in such a 
mniier that they are the only part tif the 
jbI coming in contact with tiie rock (Fig. j 
IB}. An essential feature of these machines ' 
■& stream of water forced through the in- 
fiinr of the bit for the double purpose of 
kwpii^ tlie bit cool and the hole clear of 
*HimeDt. which is forced out by the pressure of the water. 
I'iaiiiuinl drills bore perfectly straight, smooth holes to any depth 
<*r in any direction from vertical to horizontal, bringing to the 
surface a solid section or core of all strata passed through, show- 
inp Iheir exact depth, thickness, and the character of the rock. 
For these reasons they are conmionly employed in prospecting 
sbJ for geological purposes; but they coulii be also employed 
"""i great ailvantage by engineers ami contractors before under- 
tftiing rock excavation of importance in order to determine 
'""h the natiu^ of the soil and the thickness and direction of 
ll* strata to be met with. In such cases the hand diamond drill 
'^pable of boring IJ-inch holes and taking out l-incli cores, will 
^ (nimd very useful. 

The ninchiiie is mounted on hollow standards, with hollow 
™fli hraces, thus combining strength, rigidity, and light weight, 
twn cranks, one on each side of the standard, moveil by hand 
^"i ftigaging a system of cog-wheels, impart a rapid rotary move- 
^^i to the shaft and consequently to the bit. The pump fur- 
nishfti with this machine is mounted nn one of the columns as 
«io»ii in the cut, and is worked by an eccentric on the ma!n crank- 
%ft. The lifting apparatus is mounted on the back braces. 
« ciinsists of a <lrum wound with wire rope, and the rods are 
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Bceiv<Hl through a horizontal shaft and is delivered by bcvel-^ 
iVippIs to a liorizontal wheel which grips the drill-nxl by suitable 
Du«hanism: Water is fumishoil to Ihc ilrill-riKl fmiri a pump by 
TwauB of a hose. A hook inserted at the top of the drill-rod is 
W the purjMjae of lioisting the drill-rod, with its attached cutter J 
NtJ calix, together with the core of rock from the bore. 

The Davis cutter, although it cuts almost any kind of rock, ibI 
wr\' efficient for boring through sandstones, hard shales, and'f 
similnr soft rocks. These have been penetrated at the rata A 
"f 1 in. per revolution of the cutter. The drill is manufactured! 
in diReicnt sizes, capable of taking out cores from 2^ to lO^ ins. i 
in ilUaineter. In New York a core of 10 ias. in diameter was | 



tftkfin from a bore-hole 11} ins. in diameter, drilled for the Stokes 
Apartment Hotel at Seventy-fourth Stiwt and Broadway. 

liotary drills have not so far foujid general emploj-ment on 
puWic works; an exce))tion. however, 8hoiU<i |je made for the 
Bramit's hydraulic drilling-machinp, which has been somewhat 
**teiiavely used in the more recently excavated Alpine tunnels 
of Continental Europe. The Brandt hydraulic machine was 
"iventcd by Mr. A. Brandt, and it was employed for the first 
'Wf in the excavation of the Sonnenstein tunnel along the Gemiin- 
•'^o-Ebensee II. R. in the year 1877. The Brandt rtiachine re- 
"^'"ftl a fair te-st in the Pfaffensprung tmuiel of the St. Gothard 
"■■ R., and since then it was emi>loypd as a substitute for the 
l^rtiission drilling-machine in the Arlberg and Brandleite tunnels, 
""^ it is now the only drilling-machine used in the excavation 
"' the Simplon tunnel. 

The Brandt machine consists of a four-wheeled carriage sup- 
^ia^ at the center a beam provided with two arms of different 
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Icngith; the short ann carries tlio boring mechanism, while the 
lonpcr one is provided with a counterpoise. The distributor is 
located near the c(*ntcr of the beam. The short arm h furnished 
with a clamp holding the butting column, which is a wrought-iron 
cylinder with a plunger constituting a ram, and is jammed by 
hy<iraulic pTcssun- l>etween the walls of the heading of the tunnel, 
thus forming a rigid supjKirt for the boring-machine and an cfR- 
ci(^nt abutment against the reaction of the drill. This butting 
column can be rotated on its clamp in a plane parallel to the axis 
of the Ixiam. Three or four separate boring-machines can be 
mounted on the column and can be adjusted in any reasonable 
[K)«ition. 

The boring-machine performs the double function of continually 
jirrssing the drill into the rock by means of a hollow ram (1) and 
of im{)arting to the drill and ram a uniform rotary motion. This 




rotary motion is given by a twin-cylinder single-acting hydraulic 
motor (K), the two pistons, of 2J ins. stroke, acting reciprocally 
as valvcf^. The rr.niks an' fixed at an angle of !X)° to each othei 
on the shaft, which carries a worm, gearing with a womi-wheel 
(Q) mniinfed U]ion tlie shell (H) of the hollow ram (1), and this 
shell in luni engages the ram by a long feather, leaving it free 
to sli.le iixially to or from the fac»- of (lie rock. Tlie average 
s|)(>e'l of I he motor i;i I.'rf) to ^(Hl revolutions jier minute. 
The los,s of jxiwiT Iwlweeii the worm and womi-wliwl is only 15 




nt. at the most; the worm being of hardened steel and the 
ot gun-melal, the two surfaces in contact acquire a high 
"legree of ptilLsh, resulting in little wearing or heating. Taking 
ialo consideration all other sources of loss, 70 per cent, of the total 
V<™.*r is utilized. The pressure on the flrill is exerted by a cylin- 
>1t and hollow ram (0 which revolves about the differential 
piston S, which is fixed to the envelope holding the shell R. Tliis 
wivflope is rigidly connected to the bed-plate of the motor, and 
W means of the vertical hinge and pin T is held by the clamp 
I tmhracing the butting column. When water is admitted to 
thf space in front of the differential piston the nun carrj'ing 
tlie iirii!iiig-tooI is thrust forward, and when a*linitled to the 
snnular space behind the piston, the rnm recedes, withdrawiiif: 
Ibe tool from the blast-hole. The drill proper is a hollow tulje 
"f lough steel 2^ ins. in external diameter, armed with three or 
fnut sharp and haniened teeth, and makes from 5 to 10 revolutions 
pT minute, according to the nature of the rook. When the ram 
fissniached the end of the stroke of 2 ft. 2^ ins., the tool is quit^kly 
"ilhiirawn from the hole and unscrewed from the ram; an ex- 
'™a(iii ro*l is then screwed into the hole and mto the ram, and 
^ Wing is continued, a<lditional lengths being added as the 
•wl ^inds forward ; each change of tool or rod takes about fifteen 
'" twnly-five seconds to perform. The extension rods are forged 
"«! tubes fitted with four-threaded screws, and having the same 
''Wriial diameter as the drill. Tliey an* made in staiulartl lengths 
«f 2 ft. 8 ina., 1 ft. 10 ins., and llj ins. The total weight of the 
""Uitig-iaachine is 264 lbs., and that of the butting column 
"i"'!! full of water is 308 lbs. The exhaust-water from the two 
iHitor cj'IinderB escapes through a tube m the center of the ram 
*"l along tlie bore of the extension rods and drill, thereby scouring 
**ay the debris and keeping the drill cool; any superfluous water 
™''* an exit through a hose below the motor and thence away 
•luffi! the heiuling. The area of the piston for advancing the 
;""' is I5i sq. ins., which, under a pressure of 1470 lbs. per square 
'"''ii gives a pressure of over 10 tons on the tool, while for with- 
"fawitig the tool 2i tons is available. 




66 EARTH AND nOCK EXCAVATION. 

In the gneiss rock found at Isella on the Simplon Tunnel, a 
hole 2f ins. in diameter and 3 ft. 3 ins. in length is drilled normally 
in twelve minutes to twenty-five minutes. The time taken to 
drill ten to twelve holes 4 ft. 7 ins. deep is two and one-half hours. 
By means of this machine a daily advance of 18 to 19 ft. 6 ins. is 
made in a heading having a minimum cross-section of 59 sq. ft. 

The Brandt hydraulic machine is operated by two men, one 
driving the motor and the other directing and replenishing the 
tools; one foreman and two men in reserve complete the gang. A 
hole is usually commenced by a two-edged flat-pointed tool, 
imtil a sufficient depth is reached to prevent the circular tool 
from wandering over the face of the rock, but in many instances 
the hole is commenced with a circular tool. The exhaust-water 
during this period flows away by the hose underneath the motor. 
Instead of pulverizing the rock, as do the diamond drills, it is 
found that the rock is crushed, and that headway is gained some- 
what in the manner of a circular saw through wood. The core 
of rock inside the tool breaks up into small pieces, and can be 
taken out if necessary when the drill requires lengthening. 



CHAPTER VI. 

ROCK EXCAVATION BY BLASTING; EXPLOSIVES AND THEIR 

TRANSPORTATION AND STORAGE. 

In the excavation of rocks by blasting the operation which 
follows the drilling is the filling of the drilled holes with the 
blasting charge. This consists of an explosive substance, which 
is a chemical compound of such composition that when ignited 
it undergoes a sudden transformation into gas occupying many 
times the space of the original compound. The most important 
substances employed as explosives are gunpowder, nitroglycerine, 
and dynamite. 

Gunpowder. — Gunpowder was discovered in Germany about 
the year 1320 by Berthold Schwartz, a monk of the order of 
St . Augustine. In reading the magnificent synopsis of the history 
of explosives given by Drinker in his work on tunneling, it seems 
that gunpowder was known long before the generally accepted 
data of its discovery by Schwartz. There is no doubt, however, 
that it was only after his time that gimpowder came into practical 
use and was a substance well known to the scientific world. It 
is composed of charcoal, sulphur, and saltpeter in different pro- 
portions according to the use it is intended for; thus for mining 
purposes its composition is as follows: 65 per cent, saltpeter, 15 per 
cent, sulphur, and 20 per cent, charcoal. It is a black granulated 
substance and when ignited burns, developing gases amounting 
to 280 times its former volume. Gunpowder is ignited by the 
application of any substance heated to redness; flame alone will 
not so readily ignite it. 

The nature of the gases developed by gunpowder have not 
yet been ascertained. It is, however, generally admitted that 
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the oxygen of the saltpeter converts nearly all the carbon of the 
charcoal into carbonic acid, COj, a portion of which combines 
with the potash of the niter to form carbonate of potash 
(K2OCO2), the remainder existing in the state of gas. The sul- 
phur is converted into sulphuric acid (SOs) and forms sulphate 
of potash, which by reaction is decomposed into the hyposulphate 
and sulphide. The nitrogen of the saltpeter is almost entirely 
evolved in the free state, and the carbon not burnt into carbonic 
acid remains and forms oxide of carbon, which always accom- 
panies the explosion of gunpowder. 

The force of the gases produced by the ignition of gimpowder 
has been variously estimated at from 15,000 to 200,000 lbs. per 
sq. in. A discussion of this question is given by Mr. Lohr in 
the article '^ Explosives '' in the Spon\'i Engineering Encyclopedia. 
The experiments of Nobel and Able, Mr. Lohr says, have shown 
that the explosion of gunpowder produces about 57 per cent, 
by weight of solid matters and 43 per cent, of permanent gases. 
The solid matters are, at the moment of the explosion, in the fluid 
state. When in this state they occupy 0.6 of the space originally 
filled by gunpowder; consequently the gases occupy only 0.4 of 
that space. These gases would at atmospheric pressure and 
32® F. temperature occupy a space 280 times that filled by powder. 
As they are compressed into 0.4 of that space, this would give 

280 
a pressure ttjX 15 = 10,500 lbs., or about 4.68 tons per square 

inch. But a great quantity of heat is liberated in the reaction and 

this heat will enormously increase the tension of the gases. The 

experiments of Nobel and Able showed that the temperature 

of the gases at the instant of the explosion is about 4000° F. 

Thus the temperature of 32*'+461°.2 =493*^.2 absolute has been 

4000 
raised .q^^ =8.11 times, so that the total pressure of the gases 

will be 4.68X8.11=37.9 to the square inch. That the pressure 
of 37.9 tons to the square inch is not exaggerated is shown by the 
fact that there are experiments indicating that the pressure of 
the gases was as high as 42 tons to the square inch. 
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Nitroglycerine. — A more modem explosive used as a sub- 
stitute of gunpowder in the excavation of rock is nitroglycerine, 
discovered by Sobrero in the year 1847. Nitroglycerine is 
obtained either by the action of concentrated nitric acid on 
glycerine, or by a mixture of nitric acid at 40° and sulphuric 
acid at 66°, on glycerine. Its reaction can be represented by 
the formula, 

C3H A+ 3HNO3 =C3H50s.(NO,)3+ 3H A 

glycerine nitric acid nitroglycerine water 

The sulphuric acid which is mixed with the nitric does not enter 
into tho reaction, but absorbs the water which is set free. 
Nitroglycerine is a clear yellow, oily liquid with a sweet taste 
but no odor; it is poisonous when inhaled or simply introduced 
into the body through the pores, producing headache and sick- 
ness. Its specific gravity is 1.595. Nitroglycerine burns very 
quietly in contact with ignited bodies, but it explodes at a tem- 
perature of 388° F. Its explosion is caused by the slightest 
percussion, and this makes its handling very dangerous. Nitro- 
glycerine freezes at 41° F., and although it explodes very easily 
by percussion in its normal state, it explodes with great difficulty 
when frozen; hence in America, at the beginning of its use, nitro- 
glycerine, . as well as all the other explosives containing it, were 
transported only in a frozen state. When nitroglycerine con- 
tains some impurities or is not well washed off, it imdergoes 
spontaneous decomposition, accompanied by development of gases 
and increase of temperature, which, in reaching 388° F., causes 
its explosion. 

There are no complete experiments upon the pressure of the 
gases generated in the explosion of nitroglycerine. Mr. Nobel 
estimates the strength of nitroglycerine as 4 times that of 
gunpowder — and the relative strength, bulk for bulk, since the 
specific gravity of gunpowder is 1 and nitroglycerine 1.6, as 5.91 
times that of gunpowder. This is a very important feature in 
rock excavation, because with a given height of charge in a bore- 
hole, nitroglycerine exerts about 5J times the force of gunpowder. 
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Notwithstanding its enormous strength nitroglycerine is never 
employed in its liquid state for rock excavation, but is always 
mixed with some other substance which renders its handling less 
dangerous. 

Djmamite. — Any mixture of nitroglycerine with an absorbent 
substance which reduces it into a solid mass is called dynamite. 
It is on account of this simple transformation that the explosives 
containing nitroglycerine have been so extensively used in prac- 
tical worLs. In regard to the nature of the absorbent substance^ 
dynamite is divided into two classes — true and false dynamite. 

Dynamite was discovered in 1865 by Prof. Nobel. He mixed 
nitroglycerine with a siliceous sand called kieselguhr, foimd at 
Oberlohe near Unterlau, Hanover. It is a white, siliceous, soluble 
substance, composed of microscopic shells of diatomse, which are 
endowed with great strength and an enormous power of absorp- 
tion of liquid in proportion to their size; they will absorb 75 per 
cent, of nitroglycerine. In being absorbed, nitroglycerine does 
not undergo any chemical change; it bums, freezes, and explodes 
under the same conditions as in the fluid state. Dynamite is easily 
handled and transported without danger, but explodes with more 
d'fticulty by percussion. 

During the explosion of the nitroglycerine contained in 
dynamite some oxygen is set free, and in order to utilize it, it 
seems logical to ase as an absorbent matter able to bum at the 
moment of the explosion, thus increasing both the quantity of 
gases and the heat produced, and consequently increasing also 
th(» efficiency of the dynamite. Under the general name of false 
dynam te are included all the various nitroglycerine explosives 
in which the absorbent substances, instead of remaining inert 
(luring the explosion, liberate gases, thus greatly increasing the 
efficiency of the dynamite. When the new substance introduced 
into the composition of dynamite is able to generate a large 
volume of gases, compounds of greater efficiency are obtained. 

Nearly all the explosives with fancy names which are placed 
on the market by dififerent manufacturers are simply false dyna- 
mites. Thus, for instance, the Litlwfacter manufactured by 
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Krebs at Cologne is composed of 52 parts of nitroglycerine, 30 of 
fine sand, 12 of charcoal, 4 of nitrate of potash, and 2 of sulphur. 
In a word, he uses gunpowder as an absorbent, and the sand to 
give weight to the compound. The Forsyte dynamite which 
has been so extensively used in the rock excavation for the New 
York Subway is a false dynamite composed of nitroglycerine, 
sawdust, and nitrate of soda, and a little white of lead for weight. 
Nearly all manufacturers of explosives make a secret of the 
ingredients entering into the composition of their products. To 
make a secret of the ingredients, even if it be necessary for com- 
mercial purposes, does not speak well of the product, and engineers 
and contractors should always refuse to buy products that they 
do not thoroughly know, especially when the work is to be done 
in a close space, as in tunnels and mines. It has been already 
remarked that the nitroglycerine produces a poisonous effect 
upon men; but the gases generated by its explosion are not poison- 
ous but simply asphyxiating. It is, however, impossible to know 
the effects of the gases produced by the other substances intro- 
duced if these are not known. Doctors have noticed the poisonous 
effects of nitroglycerine upon the men working in the Croton 
Aqueduct tunnel. In an article published in the Scientific 
American Supplement it is stated that since were foimd the men 
w^orking in the tunnel affected by the same symptoms as those 
produced by pure nitroglycerine, the cause must be that, mixed 
with the gases produced in the explosion, there are unexploded 
particles of nitroglycerine in a volatile state, and these particles 
inhaled by miners affected their health. If the doctor's conclu- 
sions an* true it means that only part of the nitroglycerine ex- 
ploded, and consequently only part of its force was utilized; hence 
the explosive was not very efficient; or else the poisonous effect 
was due to the presence of gases generated by unknown sub- 
stances which produced the same symptoms as the inhalation of 
nitroglycerine. In any case such an explosive should be dis- 
carded by the contractors, because either it is not efficient, or by 
affecting the men, they will work under abnormal conditions and 
their work will be dearer in the end. 
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The explosive power of dynamite has not yet been correctly 
determined. In the few experiments made for calculating tinr 
force of various explosives, the force of gunpowder is taken as> 
unity. Mr. Nobel tried to compare the force of the various explo- 
sives by loading a mortar with a 32-lb. shot and calculating the 
distance of the shot, the mortar being inclined at an angle of l(f . 
Weight for weight he deduced the comparative forces of the vari- 
ous explosives as follows: Gunpowder, 1; dynamite, 2.89; nitro- 
glycerine, 4. Comparing these explosives bulk for bulk, the 
specific gravity of dynamite being 1.65 of the gunpowder, they 
range as follows: Gunpowder, 1; dynamite, 4.23; nitroglyc- 
erine, 5.71. These figures mean that 1 lb. of dynamite will pro- 
duce a force 4} times greater than that produced by 1 lb. of gun- 
powder. 

In artillery the force of the various explosives is usually cal- 
culated by a specially constructed gun in which, close to the chargp, 
there is a bell of the same metal forged wnth the gun. The bell 
is filled in with a plug of lead or other soft metal. In the explo- 
sion, the gases will compress the lead, and by measuring the plug 
before and after the explosion it is known how much it was com- 
pressed. By placing a similar plug of lead in a testing- machine 
the force required to compress it an equal amount is determined 
and from this is deduceil the force per unit of surface exerted by 
the gases during the explosion. 

TRAXSPORTATIOX AND STORAGE OF EXPLOSIVES. 

In Continental Europe, on account of the constant fear of 
political rebellions and anarchist attacks on persons and property, 
the manufacturing, storing, transporting, and sale of explosives 
are regulated by special and strict laws and are under the rigid 
sur\'eillance of the government. In the United States anybody 
is free to manufacture explosives after obtaining a special per- 
mission from the State, which is given upon guarantee that in 
case of explosion no serious damage will result to persons and 
property outside the factory. For this reason factories are 
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located in the open country and in some isolated spot far from 
towns and villages or even fann-honses. 

Transporation of Explosives. — The laws regulating the trans- 
portation of the exi)losives on European railroads tend to 
detect the existence of any clandestine factory and to avoid 
as much as possible the causes of explosion, thus reducing the 
danger to persons and property. The detection of the unau- 
thorized factories is obtained from the fact that no explosive 
can be shipped on any railroad or vessel if it is not produced by 
a national factory working under the government permission. 
In case the explosive to be transported was produced in a foreign 
coimtry, it must be accompanied by a special permission of the 
national government, which is given only in case that the 
factor)" was duly authorized and is working under the surveillance 
of the foreign government in whose jurisdiction the factory is 
located. The explosives must be packed according to a pre- 
scribed maimer and the boxes must have on the cover a de- 
tailed description of the contents, the weight of the explo- 
sives, the name of the manufacturer, and the location of the 
factor}'. 

The laws which tend to avoid or at least to reduce to a min- 
imum the danger of explosion during transportation of explo- 
sives are very numerous. Since explosion can result either from 
fires or by percussion, the laws prescribe rules tending to avoid 
accidents produced by these causes. To avoid fires it is pre- 
scribed that the explosives be transported in separate and sealed 
cars, in which no more than a prescribed quantity can be placed 
at a time. In cars containing explosives, fires, lights, and smok- 
ing are absolutely forbidden. The cars must neither be attached 
to the train close to the locomotive nor near cars containing 
inflammable materials, and the loading and unloading of these 
cars must be made in the daytime, it being absolutely prohibited 
at night. To avoid the danger of explosion by percussion it 
is generally prescribed that all materials must be so well packed 
as to entirely fill the box without leaving any void; that the 
boxes, barrels, etc., containing the explosives must be so tightly 
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packed into the cars that even the slightest movement is impos- 
sible ; that boxes shall not contain nails or iron bands, and finally 
the use of hammers, chisels, and other iron and steel tools inside 
the cars is forbidden. The boxes containing detonators must 
be stored in separate cars from those containing explosives. 
The regulations for the transportation of the explosives upon 
ordinary- roads go into even more detail, so as to describe even 
the form of the brake to be used in the cars in going down-grade, 
where to stop at night, the manner of making short stops within 
the city limits, how to cross villages and towns, the streets to be 
avoided and those through which it is allowable to pass, and 
a thousand of other details. When the transportation of the 
explosive is made on water by means of vessels some govern- 
ments compel the vessel to carry a special flag and night signal 
so that it can be recognized from far away. 

In this country- there are no special laws for the transporta- 
tion of explosives; every railroad company, however, enacts 
special rules so as to insure itself against the liability of paying 
great damages to {persons or properties in case of explosion. 
These special and various regulations are based upon the same 
principle as the European laws, the only difference being that 
they are inspired by the desire for safety and not by any fear 
of rebellion or conspiracy, and consequently all the obstructive 
rules regarding this point are here happily omitted. 

Storage of Explosives. — The storage of explosives is regulated 
by laws which are too strict and antiquated. The writer has 
remarked in Engineering that in the city of New York the 
laws allow only a maximum deposit of 62J lbs. of dynamite, 
while on the other hand, the same city compelled one of the 
sub-contractors of the rapid-transit railroad to use not less 
than 500 lbs. of dynamite jx'r day, which could be stored at only 
two pohits. This means that even in the city of New York 
the law regarding the storage of the explosives is antiquated 
and entirely insufficient to meet the requirements of works of 
the magnitude undertaken to-day. 

The regulations governing the storage of explosives tend to 
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laevent the causes of explosion, and are designed so that in 
<a8e of an accident the explosion produces the smallest . damage 
possible under the circumstances. 

: Large quantities of explosives are usually stored when the daily 

. quantity of them to be employed in the work is great and the 
supply cannot be obtained every day, but at great intervals from 
one consignment to another. Such a large deposit of explosives 
Aould be very carefully watched to avoid the causes producing 
explasions, which are spontaneous decomposition of the ingredients 
contained in the explosives, fire, and percussion. To prevent 
fte decomposition of the substances forming the explosives it 
is necessary to locate the store in a very dry place, and the tem- 

\ perature inside the room should neither fall below 8° C. nor be 
higher than 30° C. The explosives must be stored in their original 
packages as they came from the factory, with the difference that 
the cover of the boxes should be raised so as to expose the ex- 
plosive to the air and so that they can be easily watched and 
tny alteration detected. The decomposition of nitroglycerine 
products is generally detected by a kind of perspiration which 
<»llects on the outside wrappers of the explosive. The boxes 
<»ntaining explosives thus affected should be taken out of the 
storage immediately and opened. These boxes should then be 
<^ed to a distant isolated place and the explosives, liberated 
^ their wrapping, should be spread on the groimd, forming a 
v^ thin stratum, and burned. Nearly all the explosions 
<>f stored explosives on record were exclusively due to the decom- 
paction of the ingredients forming the blasting substance. The 
PJ^utions to be used to prevent explosions caused by fire and 
Percussions are the same that are taken in transportation and 
*heady discussed, but it is necessary to have the nitroglycerine 
Products and the detonators stored in separate rooms. 

In order to have the smallest possible damage in case of an 
e^losion, it is necessary to locate the storehouse for explosives 
^niote from any dwelling or village; to build it of light scantlings 
^tead of heavy masonry, so as to oppose the least resistance 
^ the gases, and for the same purpose it will be convenient 
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to surround and even cover the building with very loose earth 
or sand. According to the indicated principles, the engineer in 
charge of the work will prescribe special rules tending to insure 
the safety of men and property, and see that they are strictly 
observed. 



CHAPTER VII. 




ROCK EXCAVATION BY BLASTING; FUSES, FIRING, AND BLASTING. 

Fuses. — ^When gunpowder is used as the explosive for ex- 
cavating rock it is usually ignited by the Blickford match. This 
match, or fuse as it is more commonly called, consists of a small 
rope of yam or cotton having as a core a small continuous thread 
of fine gunpowder. To protect the outside of the fuse from 
moisture it is coated with tar or some other impervious substance. 
These fuses are so well made that they bum very uniforndy at 
the rate of about 1 ft. in 20 seconds ; hence the moment of ex- 
plosion can be pretty accurately fixed before- 
hand by cutting the fuse to the proper length. 
Blickford matches, especially when coated with 
tar, have the defect of bumhig with a bad odor, 
and this is very objectionable when the work is 
being done in closed spaces, as in a tunnel. 
Other fiLses have been invented to do away 
with this trouble, and those of Rizha and 
Franzl are the best known of these. The 
former has many advantages, but it burns too 
rapidly, about 3 ft. per second, and is expen- 
sive; the latter consists of a small hollow rope filled with dyna- 
mite and is dangerous. 

It has already been remarked that dynamite does not exj)lode 
by ignition, but by percussion ; consequently the Blickford match 
alone cannot be used with dynamite. It can, however, be used 
to ignite and explode a cartridge which will in tum explode 
the dynamite. These cartridges consist of small copper cylinders 
containing fulminate of mercury, and are attached to the end 
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of the fuse which is inserted in the dynamite. The firing of 
explosives by means of the Blickford match is very seldom em- 
ployed at present in the excavation of rock for public work. Blasts 
are usually fired by electricity, which is considered preferable, 
because several blasts can be fired simultaneously, and because 
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Fig. 31. 

the current is turned on at a great distance, thus affording greater 
safety to the workmen. 

The method of electric firing generally employed in America 
is known iis the connecting-series method and consists in firing 

"• several holes simultaneously. The arrange- 
ment and connection of the wires are shown 
by the diagram P'ig. 31. Before referring 
to this diagram, however, it is necessary to 
state that each hole charged with dynamito 
is provided with a detonator. This consists 
of a capsule containing fulminate of mercurj'. 
Two wires enter this capsule from the upper 
end and are connected at their bottoms by a 
very fine platinum wire. When an electric 
current is passed through the two wires, the 
fine wire which connects them offers such 
resistance to the current that it becomes red- 
hot and ignites and explodes the fulminate. 
Fig. 32 is a vertical section of a detonator 
of the character described. In blasting one 
of these detonators is placed in the middle stick of dynamite 
in each hole. Referring now to Fig. 31, the numerals 1, 2, 3, and 
4 represent as many detonators in separate holes. The wires of 
these detonators are comiected as indicated by splicing to them 
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lingtha of wire reaching from hole to hole, and finally the first 
wirp «f bole 1 and the last wire of hole 4 are connected to the 
firii^ffires leading to the blasting-machine A. In connecting 
Ihc various wires they should be 8crai>eti free of in^ulatiun 
ami twisted together in close contact, and then the buir-joint 
should be wound with tape insulation. Failure to wind the 
jntula with insulation causes trouble very often, because the burr- 
sirs comes in contact with the earth, which draws the current 
[foiii the wires. Tlie dimension of the wires connecting the 
detonators from hole to hole should be equal to that of the 
flftuimtnr wires, while the wires leatiing to the blasting-machine 
should be at least twice the diameter of the detonator wires, 

Tlie blasting-mac h me illustrated in Fig. 30 consists of a wooilen 
box Dnclosing a device fitted to revolve an armature wound to a 
Wry liigh resistance. The rapid revolution of the armature by 
pulling up the operating-bar generates an electric current of high 
flwlroniotive jKiwer, which, at the moment of its nm.\imuni inten- 
"i'y, is sent out to the outside circuit in. which are the detonators, 
'tf explosion of which is instantly accomplished. These machines 
B"" operated by a ver>' easy and simple motion, which works 
aOHiotlily and without any strain upon the parts. After being 
HIk! up to fire, the operating-bar will fall back into its place of 
""own weight and is ready to be used ivgain. On account, of its 
spwial construction, in which the power is obtained by pulling 
"P lite bar, this blasting-tniiehine is commonly called the pull-up 
•"ifwliine. It is built in different sizes, the smaller with a firing 

Mity of from 20 to .30 holes, and the larger with a firing capac- 
S of from 75 to 100 holes. The operation of firing is as follows : 
^ operator turns down the two-hingetl in»n plates at the bottom 
plhe box, and stands with his feet on them to hold the machine 

^; he then pulls the bar up with both hands with one 
pBlinuous rapid stroke, and the blast is fired. The quicker the 
0" is pulled up the more current the machine \vill generate. 

Tunping.— -Wter a blasting-charge is placed in the hole it is 
*^erwl by tamping, which is a material placed there to prevent 

s ga-ses of explosion from escaping into the air. Tamping is 
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absolutely necessary with gunpowder, but it can be omitted when 
the explosive substance is a nitroglycerine compound. Gun- 
powder explodes slowly, and if the gases find an easy exit they 
escape without shattering the rock much, if at all; hence the 
necessity of closing all exit. This is done by filling the hole above 
the charge with damp clay which is well rammed into place 
by means of a wooden tool called a tamping-rod, illustrated 
by Fig. 33. As will be seen, this tool consists of a small wooden 
cvlinder attached to a handle of the same material, 
the cylinder being provided with a groove in one side 
for the fus(»-wires. No iron tool should be used in 
tamping because of the danger of striking a spark 
from the rock by a chance blow and thus prematurely 
exploding the blast. To protect the powder from being 
wetted by the clay a layer of paper, felt, dr\' cotton, or 
other substance is placed over the charge before insert- 
big the clay. With djuamite the explosion is so sudden 
that the gasc»s have no time to escape, and tamping is 
consecjuently not required. It is, however, conmionly 
ustMl, but without being rammed into place. 

Firing. — The operation of firing the blasts should be 
entrusted onlv to the foreman of blasters or to some 
ver}' careful workman. The followng is the mode of 
''^l^ procedure usually followed in firing: After all the 
Fig. 33. j^Qj^g jjjive been connected with the leading wires of 
the blasting-maclune a danger-signal is given by blowing a whistle 
or posting men with renl flags around the danger-zone. Upon this 
signal all men leave tlie vicinity of the blast, and outsiders are 
prevented from approaching. All persons being out of danger, 
the foreman orders the blast to be fired. Upon this order, and 
not until then, the leading wires are attached to the blasting- 
maclune, and the machine is oi)erated as previously described. 
As soon as the blast is fired the men return to the work, and traffic 
is resumed in the vicinity. It is usually found convenient to fire 
the blasts at 12 o'clock or at evening, when the men are quitting 
work. If linnl at other times, the time of firing is so much 
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lost from the men's working time, and the greater the number of 
men. the greater this loss is. In case of a misfire the leading 
wires are detached from the blasting-machine and an inspection 
is made to locate the cause. This is usually found to be the 
grounding of the current because of defective insulation; this 
defect being repaired by insulating-tape, the wires are again con- 
nected up and the undischarged hole is exploded. Every care 
should be taken to see that the wires are in proper shape before- 
hand, however, as it is a trouble and waste of time to search out 
defects and repair them afterwards, especially in city work, where 
protecting mattresses and timbers have to be removed to allow 
the examination. 

Blasting. — The cost of a cubic unit of rock excavation by 
blasting depends chiefly upon the amount of work and the quan- 
tity of material consumed. The work consists in drilling the 
holes, and the material is the quantity of explosive ; both of these 
items, viz., the depth and frequency of the holes and the quantity 
of explosive employed, should be fixed by the engineer after a 
careful examination and series of experiments on the rock being 
worked. The writer has noticed that in the excavation of rock 
in this coimtry no particular attention is usually given to these 
important features of the work. In ever>' excavation it should 
he the duty of the engineer to fix the depth of the holes, thcnr 
distance apart, and the amount of explosive to be used; and in 
wder to do this he must have a knowledge of the phenomena of 
explosion. 

^Tien explosives are ignited a sudden development of gases 
"^ts which produces instantly a violent increase of pressure, 
^Jsually accompanied by a loud report. The energ\^ of the explo- 
®on is exerted in all directions in the form of a sphere having 
^ center at the point of explosion, and the waves of energy 
lose their force as the distance from this central point increases. 
'n» energy of the explosion at any point in the sphere of energy 
^ therefore, inversely proportional to the distance of this point 
"^ the center of explosion. Up to a certain distance the 
€nergj^ is great enough to shatter the rock and throw it violently 
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upward; up to a further distance the energy is great enough 
to break the rock, but not great enough to throw it from its bed, 
and from this last point to the limit of explosion only a shock 
is felt which decreases in severity as the outer limits are 
approached. There are, therefore, three concentric spheres of 
energ}' or force within the blasting sphere. 

WTien the surface of the ground intercepts either the second or 
the third sphere the gases of explosion remain in the ground, but 
when it intercepts the first sphere the explosion detaches a cone- 
shaped mass of materials which are thrown into the air. This 
cone-shapeil pit is called the blasting-cone. The base of this 
cone is the ground-surface, and its apex is the point of explosion; 
the smallest distance between the apex and the base is the line 
of least resistance. To secure the most effective blast the ground- 
surface should be tangent to the first sphere of energy, as then 
the rock will be thoroughly shattered but not thrown upward. 
WTien a large quantity of rock is thrown high into the air it 
means that a large quantity of gas has been wasted which should 
have been utilized in shattering the rock. 

In blasting the quantity of the mass detached from the 
natural l)ed can be assumed as equal to the volume of the blasting- 
cone and is consequently given by 

l' = 1.05/iV, 

in which n is the inclination of the generatrices of the cone in 
n'sixH*t to the axis, and h is the smallest distance bet\i-een the 
lH>int of o\plosii>n or ajiex of the blasting-cone and the ground- 
surfact\ or the lino of least Resistance. WTien, as usual, n = l 
the volume of the blasttnl material is gi\*en by 

r = i.OoA\ 

and ovnistH]uontly the volume of the blasted rock is proportional 
to the cuU^ of the line of least resistance, or, what is the same, 
ti> the ouU^ of the depth of the holes. 

When the rwk to Iv blasttnl. instead of having only one 
surface to which the hole is jxT^xMidicular. has two surfaces at 




light angles to each other, with the hole a continuation of r 

Ibe surfaces, the volume of the blast will be only one-half the 

Idastiog-cone and the detached niass will be 

y = 0.52A». 

Wlien the hole is drilletl at the intersection of these surfaces 
only one-fourth the volume of the blasting-cone will be detached 
ati the mass of detached rock will be 



V =0.26A*. 

From these facts and from the experiments made on a cube 
and reported in all the text-books on blasting which showed 
Ihl tLe eflicicncy of blasting increases with the nunilier of free 
Burfaces of attack, it can be deduced that the efficiency of blast- 
ing is directly proportional to the free surface of the rock 
allacked. 

Knowing the quantity of rock detached at each blast, which 

^ bren obsen'ed to be proportional to the depth of the holes, 

tbf distjince apart of the holes is readily determined to be equal 

l" Ibe deplli of the holes. From the experiments of Mr. Heifer 

it is, however, known that the quantity of rock lietached by 

minps or groups of holes fired simultaneously is double that 

'Iflached by the same number of holes exploded in succession. 

Tl^s is a fact of great importance to engineers and constructors. 

^Tiile the distance apart of the holes should be equal to the 

h of the holes in isolated firing, it may be from 1^ to 2 times 

depth for simultaneous firing. The most expensive item 

i'fee excavation of rock is the drilling of the holes for the blasts. 

"* Ihe cost of drilling in the same material is constant per 

'""it of length of hole, while the quantity of rock detached 

UKrpases „-;(), the cube of the depth of the holes, if the greatest 

Bfiieney of blasting is to be had it is neces-sary to have deep 

The deeper the holes the smaller will be the reeiuin-d 

iber of feet drilled per unit of volume excavateiL The most 

IVenient depth of hole for practical work is from 8 to 12 ft.. 
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and usually the depth of hole should be about 10 ft. When, 
therefore, the depth to be excavated is great it should be divided 
into benches 10 or 12 ft. deep. Once the depth of the holes 
is determined it is a simple matter to locate their distance apart, 
since this should be equal to the depth of hole as a minimiun, 
and not, as many contractors assume it, from 2 to 3 ft. apart. 

The preceding discussion applies to homogeneous rocks, but 
these are seldom met with in excavation. The rock is usually 
stratified, and even when it is not its solidity and strength are 
not imiform. As a rule, any rock is more resistant to disruption 
in a direction perpendicular to its quarry-bed than in a direction 
parallel to it; consequently in blasting the waves of energy find 
greater resistance in one direction than in the other, and the rock 
will break unsynmietrically with respect to the axis. Hence, 
instead of a sphere of action as described above, we have an ellip- 
soid with the greater axis parallel to the direction of the strata, 
or the quarry-bed of the rock. This ellipsoid is seldom of r^ular 
form, since many circumstances, such as voids, fissures, veins of 
other materials, tried to make it irregular. That the waves of 
force spread in the form of an ellipsoid may also be deduced from 
the fact that the center of explosion is a line and not a point. 
If there were no other controlling considerations, it might be 
assumed as a practical rule to follow in work that the longer the 
axis of the charge the greater would be the ellipsoid of energy, 
but other considerations make it necessary to fix the charge 
according to more scientific principles. 

In speaking of explosives it was remarked that the force of 
the gases of explosion varies in the same ratio as the weight of 
the explosive. From the above discussion it has been deduced 
that in blasting, other conditions being equal, the volume of 
detached rock is proportional to the line of least resistance, or to 
the cube of the depth of the hole. Therefore to produce the 
greatest (effect the charge should increase with the cube of the 
depth of the hole. In practical work, however, this quantity 
should b(3 multiplied by a certain coefficient, depending upon the 
force of the gases of explosion and the nature of the rock blasted. 
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l&g to G. G. Aniipfi, the quantity Q of the explosive can 
)resent«d by the formula 



in ivliich f is the coefficient and v is the length of the line of least 
iwlsiance. Tlie quantity Q is expressed in pounfia, and the dis- 
tance r in feet. The coetticient c is fixed according to ex])eriinent, 
and geoerally varies between 0.3 and 0.45 for gunpowder, and 
belWH'n 0.06 and 0.09 for djTiaraite and other nitrf^Iycerine 
comixiumia. The engineer slioukl not only fix the coefficient c 
afler a series of e-xperiments upon the rock being blastefl, but he 
should instruct the blasters as to the different charges to be used 
under the various conditions of work. Tlius, for instance, the 
wune rock may be attacked in a direction perpendicular, parallel, 
01 iudined to the strata, and in each of these cases a difTerent 
fimrp; .should be uswi. Tlie charge should also vary with the 
fw surface of the blast. In blasting the first holes in driving 
tlw heading of a tunnel or the bottom of a shaft, they should be 
''Wgeil with more explosive than is used in any of the succeed- 
iciErminrls of holts, since they have to detach a mass of rock bound 
>" un all sides but one, while for the other rouiuls the hole already 
Wafltfil forms free surfaces for the action of the blast. For the 
swie reason it is usual to employ a more powerful explosive for 
Uiese Srst holes. 

U li oft<'n observed in excavating rook by blasting that, with 
'Wlw of tlie same tlepth containing the same amount of explosive 
"> the same rock, the effect will be very small m one case and 
"■nth greater in another case. Owing to this fact, accidents often 
h*ppen for which the blaster is innocent, but for which he is never- 
^Ple» frequently blamed and punished by law. Experiments 
"'sde recently by Messrs. Roux and Sarrnu give a scientific expla- 
""titm of this phenomenon. These gentlemen claim that all explo- 
"w (ubstances can explode in two ways: the one by means of 
"St they call e^plosUm; the other by naeans of heat under great 
PfffiBure they tenn delonation. In explosion the development of 
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the gases produced by the heat of combustion is relatively AoWr 
it taking some time for the process to reach aU portions of th^* 
charge. This time is infinitesunally small, of course, but it ii^ 
appreciable. In detonation the explosion of every part of tl» 
charge is simultaneous and instantaneous. The effects produced 
by explosion and by detonation differ; in explosion the effect i^ 
to raise up and force do\\Ti the surrounding material, and in deto- 
nation the effect is to crush this material. According to Messrs. 
Roux and Sarrau, gunpowder, which usually explodes, will also 
detonate when ignited by means of nitroglycerine or fulminate 
of mercury, and then the energy of the blast is much greater 
than the sum of the energy of the two materials exploded separ 
rately. The detonation of djTiamite is obtained by means of 
capsules of fulminate of mercur}" tightly pressed into the dyna-* 
mite. If the capsules are not strongly pressed into the dynamite^ 
only a portion of it will detonate, while the other portion explodes*^ 
Messrs. Roux and Sarrau exj^erimented on bombs of equal dimen^ — 
sions, and they found that it required only 4 grams of dynamite 
to break them when detonated, while it required 16 grams tc^ 
break them when exploded. 

A comparison of the rt^lative energy of explosion and detona- — 
tion of different substances is given in the following table, i 
which the encrg}- of gunpowder is taken as imity: 

Explosive. Explosion. Detonation. 

Fulminate of nKTCury 9.28 

Gunpowder 1 4.34 

Nitroglycerine 4.8 10. 13 

Guncotton 3 6.4 

The great advantage to l)e secured by obtaining full detona- 
tion of dynamite instead of part detonation and part explosion 
can readily be seen from this table. If all the dynamite could 
in blasting te detonated, only half the quantity now employed 
would Ix^ required. This would be a great advantage not only 
by reducing the cost of explosives, but by cutting in half the 
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amounts handled and thus reducing the chance of accidental 
explosion. 

In conducting blasting operations in city streets or in thickly 
settled districts it is the usual practice to cover the holes with 
a protecting mattress before firing them. Such mattresses are 
usually made of logs about 1 ft. in diameter loosely chained to- 
gether into a mattress-like bimch. In New York City each 
mattress usually consists of ten logs, and enough mattresses are 
vsed to cover the full area of the blasting-cone. Over these logs 
18 placed a heavy netting made of 1^- to l^-in. manila rope, or 
else a sheet of tin, usually a section of discarded tin roofing. Logs 
and rope nets are preferable to logs and tin sheets. Tlie logs 
diould be loosely tied together so that they give an elastic mat- 
tress to absorb the force of the explosion; if fastened rigidly 
together they will break and splinter. The operation of these 
mattresses is as follows: They rise into the air from the force 
of the blast, but confine the flying stones underneath and imme- 
diately drop back to near their original position because of their 
great weight. 




CHAPTER VIII. 

EARTH EXCAVATION: HAND-TOOLS; MACHINE EXCAVATION 

HAND-TOOLS. 

Shovels, — The simplest and perhaps the oldest tool employeti 
in the excavation of earth is the shovel. This tool as shown in 
rig. 34 consists of a wooden handle mth a flattened iron or steel 
scooj) or blade at one end. Shovels are made of different shapes 
for different materials, and they also vary in 
fonn with the usage of different countries. For 
excavating loose earths like quicksand and 
mud a blunt-pointed shovel is emplojT^l, 
while for excavating harder soils a sharp- 
Ijointed shovel is employed. Another differ- 
ence is the length of the handle, which ia some- 
times long and sometimes short. In Conti- 
nental Europe the long-liandled shovel is 
generally employed, while in America it is 
more customarj- to use shovels with short 
handles. The wTiter thinks that this American 
practice has little more than prejudice to 
recommend it. The shovel is a lever whose 
fulcrum is where the workman grasps the 
handle ivith his left hand and to which the 
power is applied at the upper extremity of the 
handle. With a long-handled shovel, there- 
fore, the lever-anii is longer and the power 
employed smaller, and consequently the amount of work 
performed by the laborer is greatt-r than if he use a shovel with 
a short handle. Another advantage of the long-handled shovel 
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IB that the laborer works in an upright position, and his endurance 
will be greater than if compelled to work bent over with a rfiort^ 
handled shovel. It is this line of reasoning that has ted European 
engineers and contractors to favor the long-handled shovel. The 
author endeavored to investigate the reasons for the preference 
of American engineers and contractors for the short-handled 
shovel, but, with the exception that it was more handy and easy 
to transport, no plausible reason could be disco\'ered. A member 
of one of the largest firms selling contractor's tools in America, 
in evident surprise that such a question should be asked, said, 
"Write on my authority that the long-handletl shovel is the lazy 
man's tool," but he gives no reasons beyonil this bolil statement. 
Now fflnce the laborer is to the contractor and engineer simply 
a woriting machine, utilized just for the amount of work it will 
perform in a day, it is necessarj' to obtain from this 
human machine the greatest possible amount of 
worit, and this is accomplished only when it is 
allowed to work under the most favorable condi- 
tions. For this reason it woukl seem that the 
long-handled shovel should be preferred to the 
short-handled one. In fact, while in this country 
contractors consider it a fair day's work for a man 
to load from 7 to 8 cu. yds. into a cart, ICuniix-an 
engineers calculate 15 cu. m. as the average day's 
work of a man using the long-handled Rho^■el, Tliis 
difiference of work obtained by the two different t<K»l3 
is so great as to command the greatest considoration. 
Spade. — When the soil although loose yet offers 
some resistance to being removed from its natural 
bed a stronger tool than a shovel is employed. This 
is the spade, the construction of which is shown 
by Fig. 35. The blade is nearly flat and is made 
of heavy steel plate reinforced at the top edge. The 
handle is of wood with a cross-grip at the top. In 
operation the spade ia pressed into the ground with the foot by 
thrusting against the reinforced edge. In this countrj' the t^pade 
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is seldom used for general excavation, preference being given to 
a strong shovel with a sharp point and a reinforced top edge. The 
use of this shovel makes it unnecessary for the laborer to change 
from spade to shovel, thus losing time, or to handle soft ma- 
terial with a narrow-bladed spade. The efficiency of work with 
the spade varies with the character of the material, but with 
average material from 14 to 18 cu. yds. per day can be handled. 
At wages of $1.00 per day this makes the cost of simply removing 
1 cu. yd. from its natural bed from 5J to 7 cents. 

Pick. — In soils which require a stronger tool than a spade a 
pick is employed. This tool with its wooden handle and long 
double-pointed head is familiar to every one and needs no descrij)- 
tion. In some cases both points are sharpened with a square 
taper, but often one point is chisel-edged either parallel to or 
perpendicular to the axis of the handle. In operation the sharp 
point of the tool is struck into the ground, and the handle is used 
as a lever to pry out a piece of earth. The chisel edge according 
to its direction is used like an axe or like a mattock or hoe. The 
efficiency of the work done with a pick varies with the character 

and conditions of the soil. It is generally deemed 
to be from twice to three times that of the shovel, 
and consequently the cost of removing a cubic yard 
of earth by means of the pick varies from 3 to 6 
cents per cubic yard. 

Sledge-hammer and Wedges. — Other tools which 
are sometimes used for excavating earth are sledge- 
hammers and wedges The sledge-hammers employed 
for this purpose may be of the same shape, weight, 
and dimensions as those used in the excavation of 
rock, but as in loose soils wooden wedges are used, 
the sledge can be made of a piece of heavy wood, 
usually cylindrical in form, which is bound with 
bands or hoops of iron and provided with a long 
Fig. 36. handle, as shown by Fig. 36. The wedges are made 
of wood and are much larger than those used in the excavation of 
rock; they are from 18 ins. to 2 ft. long and from 8 to 12 ins. 
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ik on top. The sledge and wetigee are particularly suitable 
breaking down steep bajiks or faces of earth. The mode of 
ptowJure is to dri\'e the wedges in a row parallel to the edge of 
the liank and a little back from it, ami drive them until a seam is 

KinevI and a slice of t^ie bank face breaks off. Tlie higher the 
ik the greater is the efficiency of the method. Another method 
munnng banks by wciiges is first to cut vertical chajmels or 
<ms at inten'ids in the face so as to leave buttresses of earth 
bciiv-eeii them. The groo\-es are made about 1 ft. wide, and the 
bultrpssps left are 4 or 5 ft. wide and the same depth as the chan- 
de!«, or about 3 ft. When the whole face of the bank has been 
iJilIwi in the manner described the buttresses are underminetl 
^' Wtting a horizontal slot through them close to the floor of 
llif pxravat ion. This leaves the buttresses suspended and 
s'litrhi'd to the bank on only one side. They are then iletached 
hy means of wedges Jn a manner similar to that already described. 
Blastii^. — In open country away from habitations it is oft^'U 
•^'"vciiient to use blasts for such work as breaking down a knoll 
earth. A charge of several pouniis of dynamite of about 30 per 
nitroglycerine is inserted in the ground and fired. Tlie 
ma loosens and breaks up the earth, so that it can be 
iillwl by shovels. 

Hydraulic Excavation. — A method of excavation which is 
^■''f)' clieap and which can be employed in some cases where 
"hUt under pressure is available is to break down the soil by a 
inwerful hose-streani and wash it away through wooden flumes 
Ji«h(irging at some suitable point. This method of e.vcavation 
linsbppii much u-sed on the Pacific coast in mining and for filling 
Tailway trestles. 

M.\CniN'F, EXC.^V.\TION. 

ITje magnitude of modem engineering works and the rapidity 

I which they are prosecuted make the pick and shovel too 

I tool for earth excavation, and they have been replaced 

1 ejccavating-machines of various sorts which are capable of 

illililying many fold the work done in a given time and at a 
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given cost. Earth excavation consists of two processes ; the first 
is the displacement of the soil from its natural bed, and the 
second is the transferring of the displaced soil to vehicles for its 
removal. Excavating-machines must perform both these duties. 
Two general modes of procedure are followed in excavating 
earth; one is to remove the surface by scraping off thin layers, 
and the other is to remove a deep cut by taking successive layers 
from the face of a vertical bank. By the first method the 
excavating-machine used is in constant motion, and by the 
second method the machine does very little traveling. To the 
first class of machines belong the plow, the scraper, and the 
New Era grader, and to the second belong various forms of 
digging-machines. The first class of machines is operated by 
horse-power, and the second class by steam-power. For sake of 
convenience the various forms of excavating-machines on the 
market are classified according to their manner of working in the 
following table: 
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Attacking the earth all along the surface. 



Plow. 

New Era grader. 



Attacking the 
earth in banks. 



Machines work- 
ing continu- ' 
ously. 



' Machine stands on ■ ^k j* • 

the bank to be ^ f^L^'^igf;^^ 
excavated. ' land-dredire. 



Machine stands on 1 rr^Ax^^^^ i««^ 
the plane of the I ^jMii^ng land- 
excavation. 



dredge. 



Machines work- 
ing intermit- < 
tently. 



Standing on the 
plane of the ex- 
cavation. 

Standing on top of 
the bank to l>e 
excavated. 



Steam-shovel. 



Grabbing-buck- 
ets. 



Plow. — The simplest machine for breaking the groimd to 
dastroy the cohesion of the soil is the ordinary plow employed 
for agricultural purposes. The essential parts of this implement 
are: a triang\iIar-pointed iron or steel share for slicing the earth 
at the bottom of the furrow; a mold-board attached to the 
right side of the share and having a helicoidal surface to turn 
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Fcr the earth cut from the furrow; a standard connecting the 
mold-board and share to the beam, and a beam provided with 
a eltn-is at the forward end and with handles at the rear end. 

{letimes a culler projecting downward from the l)eam forward 
ho sliare is employed for compact and tougli soils. Plows of 
ous forms and dimensions arc found on the market, and nearly 
y manufacturer lays claim to superiority because of some 
patented altaclmient or improvement. In size plows vary from 
those whicli can be hauled by two and four horses to those which 





Ppqilirp from ten to twelve horses to pulJ them. In some forms of 
plows llie beam and handles are of wood, as shomi by Fig. 37, and 
in others, as shown by Figs. 38 and 39, the beams are of iron and 
the hanilles whoUy or partly of iron. ^Tien iron beams are 
used they are generally curved so that the share and mold-board 
are connected directly without the necessity of a standard. Plows 
with metal beAnia are always preferable, as they are stronger 
and more durable, there being no wood to decay. 

Plows are usimlly employed for breaking up the earth so that 
b tan be removed by drag or wheeled scrapers, and when used in 
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this way they are very efBcient toole for cutting down a large area 
in thin layers. The dt'pth of furrnw removed varies from 4 to 12 
ins., and its width 's about 1 ft. According lo Trautwine a plow 
drawn by two horses and operated by two men will break up 
from 200 to 300 cu. yds. of strong heavy soil and from 400 to 600 
cu. yds. of ordinary loam per day of ten hours. The daily running 
expenses are the wages of the men and the keep of the horses, 
and they may be estimated at $1.50 and 75 cts. each, respectively 
witicli gives a cost of 1 to H cents per cubic yard for heavy soil 
and of .5 to .7 cent per cubic yard for loam. 

Tlie form of plow shown by Fig. 39 is designed especially 
for breaking tip turnpikes, macadam roads, and cemented walks. 




I 



It has a heavy iron beam, to which the point is secured by two ] 
strong steel plates. The point is made of tool-steel, and is 
movable for sharpening or renewal. There is no mold-board ' 
or cutter. The handles and clevis are similar to those of ordinary 
plows. These plows may be drawn by horses, but it is more 
common to operate thetn by cables from stationary engines, par- 
ticularly where the work is breaking up macadam road or J 
cenientetl gravel. 

New Era Grader. — If we define an excavating-machine ; 
one which both breaks up and loads the earth, then the plow 1 
does not belong among excavating-machines The only reason! 
for not including it among hand-tools is that it is operated byJ 
horse-power. The New Era grader is a true excavating-machine,! 
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however, as it both breaks up the soil and loads it into carts for 
transport. One of these machines is shown by Figs. 40 and 41. 
Fig. 40 shows the excavatmg mechanism and Fig. 41 shows the 
loading mechanism. The machine is made entirely of steel. 
The main frame is arched and trussed so as to give lightness 
combined with the greatest possible strength and the necessary 
flexibility to allow the machine to conform to the uneven surface 
of the ground without the frame straining, twisting, or springing 
out of shape. Tliis main frame is mounted on a truck with two 
clri\ing-\vheels and two hind wheels. On the truck there is a 
platform where the operator stands, having in front the sprocket- 
wheels for regulating the carrier or elevator. On the left side 
of the main frame is attached the plow-beam, made of a steel I b(»am. 
Perpendicular to the plow-beam there is a standard to which are 
holted the plowshare and mold-board, so that, properly speaking, 
this machine can be considered as a very powerful steel plow with 
the cutter partially bolted to the plowshare and the whole i)low 
perfectly fixed to the frame. In order to give stability to the 
machine and coimteract the great weight of the carrier, this 
powerful plow is placed at the outermost point of the main frame 
of the truck. As in any other plow, there is the mold-board 
^'Wch turns the furrow removed from the soil by the share; 
^th the difference that the furrow, instead of falling back 
on the ground after it has been revolved, falls on the lower end 
^f the carrier imd travels along it. The carrier is really an in- 
clined belt conveyor in which an endless belt is stretched between 
^wo revolving drums placed at the extremes of a frame and running 
on rollers placed on the upper side of the frame. When (jne of 
^ne extreme revolving drums is moved by any motive power 
^he belt is compelled to turn, and conseciuently in traveling along 
^^ frame it will carry with itself any material which has be(Mi 
"^posited upon it. The drum at the upi)er end of the huhk^r is 
^^ly moved by a suitable arrangement in connecticni with the 
^i axle of the truck. 

^Tien the machine is in movement the plow excavates the 
^h, which is deposited on the lower end of the belt, and traveling 
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along it reaches the highest point and falls off. If now a wagon 
is traveling alongside of the machine, it will receive the dLschargeil 
material and will thus be [lutomatically loaded. Having enough 
wagons at hand so that as soon as one is loaded an empty one 
will takes it place, the result will be that the machine will not 
only excavate the ground, but also automatically load the ex- 
cavated material. 

The carrier is from 15 to 22 ft. long, and can be inclined ^^ 
any angk* by means of chains passing over sheaves supported t>y 
a steel frame attached to the main frame of the machine ai"^^* 
wound around sprocket-wheels, which are regulated by the o\)€.'^'^^ 
ator standing on the platform of the truck. The frame of 1 1^^ 
carrier is made of steel, thus giving lightness and strength at tl^^ 
same tim(\ On each side of the upper i)art of the frame of \X^^ 
(carrier there are two small boards which keep the excavated ^-^ 
mat<»ria\s on the belt and prevent their fallyig sideways. TF^^^ 
spac(» b(;tween the mold-board of the plow and the lower eri> ^ 
of {\\v carrier is provided with a simple sand-lifting attachmen ^ ^ 
making it possible to load on to the carrier even sandy or ligh^ "^ 
dry soils. 

The New Era grader is drawn by eight horses in front an^''' 
four beliind, hitch<Ml to a push-cart. It had been observed tha 
when th(* motive? power was applied only in front of the machin 
tliis was liable to (»asily stagger either on account of the inclinatior^ 
of the ground or of th(» small resistance met in the work. To avoiu 
this and in ordcT to have* the machine always under control, i 
was found necessary to apply the motive power both in fron 
and at tlie back of the machine. The four horses on the bac 
are hitched abreast and driv(»n by a man sitting on a push-cart 
which is a simple two-wheel truck with a small se^t. The shaf 
of the cart is very long, and by means of chains is strongly con 
necled to the main frame of the machine. Fig. 42 illustrates th 
l)ush-cart built by the Western \\'h(H»l(»d Scraper CJompany. 

The N(nv l!]ra grader will work in any soil where an ordina 
plow can be used, and over which t<»ams and the machine can 
driv(»n. The plow on the machine will handle as much eartt 






3CCAVATION: machine: excavation. 



99 



I imy four horses plow. Assuming that the teams, incliitling 
:■ stopping, will travel at the rate of one and a half miles per 
iiiHir, ill ten hours a furrow 15 uiiles long, 1 ft. wide, and 6 ins. 
(liT]) will be placeii on the carrier, which is equivalent to 1460 
ru. yds. of earth, anii this is tlio theoretical efficiency of the 
maeliine. Such a quantity is not very far from what has been 
i«illy obtained in practical work, As a rule it can be assumed 
at it is capable of placing in grade or embankment 1000 cu. yils. 
Ifiirtli, or loading from 500 to 600 wagons of U cu. yds. capacity 
I t«n-hour day, using but six leanis and thn.v men. Tlie 




Fig. 43. 



Jency of the New Era grader, however, depends chiefly upon 
"'^ *oil to be excavated; in light and sandy soils the work is very 
'*^«^ to its theoretical capacity, while it can be assunietl at only 
'°^^half of ih\s through clay and one-third in hard-pan or gravel. 

To load 1000 cu, yds. in ten hours a wagon miist be at the 
"*^ of the machine every thirty or fifty seconds. The length of 
'*"- haul will govern the number of teams and w.igons required. 
"^ team with a dumping-wagon liy automatically opening the 
2**-toin will haul 90 ft., dump, and return for reloading in one 

hute. When the haul is not over 50 ft. four wagons will attend 
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the machine. For each additional 90 ft. one team must be 

added. 

The cost of the daily work of the New Era grader is given by 

the wages of the men and the hiruig of the horses, which is assimied 

to be $18; dividing this by the total amount of the work, the 

cost per unit of volume of the theoretical efficiency of the machine 

18 
will be rr^ =0.0128. But in light and sandy soils, the actual 

work being 1000 cu. yds. per day, the cost per unit of volume will 

18 
be r7^= 0.018; and in hard soils, Hke those encountered in the 

excavation of the Chicago Drainage Canal, in which the efficiency 
of the machine was 508 cu. yds., the cost per imit of volume is 

508 ^"•^^^• 

New Era graders are extensively used in the excavation of 
canals, and are very valuable in constructing irrigation-ditches. 
They are also used with advantage in loading earth into wagons 
when the haul is from 600 to 3000 ft., and as a rule they give best 
results in the excavation of large quantities of earth extended 
over a large area, and when the depth of the excavation is not 
more than 10 ft. 

The New Era grader jast described and illustrated in Figs. 
40 and 41 is built by the F. C. Austin Mfg. Co. of Harvey, 
111., while the cut of the push-cart ha*s been taken from the Cata- 
logue of the A\'estprn Wheeled Scraper Company of Aurora, 111. 
This latter firm is building another similar machine built on the 
same principles as those of the New Era grader, but varying in the 
details, called the elevating grader, wtigon-loader, and ditcher. 
These are the only two forms, to the knowledge of the writer, 
that are engjiged in the manufacture of this kind of machines. 

Automobile Steam Grader and Ditcher. — Lately a new machine 
has been introduced on the market by the Bunnell Machinery Com- 
pany of Chicago, 111., and is illustrated in Fig. 43. In order to 
lessen the operating expenses of the New Era grader, thus reduc- 
ing the unit of cost of its work, made up, as has been seen, from 
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the largP number of horses used as motive power, and from the 
' iinploj-ment of three men, two as drivers and one as operator, 
Mr. M. G. Bimiiell undertook to substitute steam for the animal 
power, and the result was tlie automobile steam grader and 
[ ditrher. This consists of a fixed plow and a belt conveyor, like 
I the New Era grader just deseribed, with the exception that, 
I instead of being mounted on an iron frame, they are supported 
i by a tubular boiler, of the locomotive type, mounted on four 




t wheels. The two front wheels turn on an axle, which supports 
the boiler by means of a heavy forgeil bracket connected by a 
pin to a socket at the center of the axle. A chain on each side 
of the boiler leading to each of the front wheels and operated by 
the engineer directs the advance and turning of the machine. 
The rear end of the boiler with the fire-box, aah-pit, etc., is directly 
supported on the axle of the two large driving-wheels. The tires 
of these wheelf are verj' wide, and are provided with transverse 
ribs to grip the gniund. A small horizontal engine on top of 
I the Iwiler ejigages a system of cog-wheels which cau.'^' the rear 
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wheels of the machine to revolve, thus propellmg it. The sam^ 
engine by means of beveled wheels and shafts imparts motion to 
the upper drum of the carrier, and conse(}uently to the belt coa^ 
veyor. 

Steel brackets, fixed at each side of the boiler by means ot 
chains, support both the plow and the conveyor. These chain^ 
are wound around shafts regulated by the engineer, who by simply 
turning a sprocket-wheel raises them and moves the machine ^^ 
any ordinary road locomotive, or by lowering both the plow an^ 
the conveyor they engage the soil and the machine then worlc^ 
as a grader and ditcher. The plow is fixed to an I beam, havinj^ 
in front a small wheel so as to direct its course, and the I beam i^ 
suspended I to the longitudinal shaft by means of two chains^ an^l 
in the manner indicated in the illustration. The carrier is similaX* 
and works in the same way as the one described in the New Em- 
grader. The machine is regulated by one engineer, who. standi 
on a platform at the rear -end of the boiler, having at his command 
all th(? wheels for the various movements of the machine. 

The happy arrangement of the heavy boiler and mechanisnm 
at the center of the machine, with its working parts placed on. 
each side of the boiler, makes the whole a very solid, compact, 
and easily handlc^d machine, and the result is that very efficient 
work is obtaincnl. l^»sides, such an arrangement prevents the^ 
staggering of the* niacliine, a defect very common with the grader 
moved by animal pow(T. For this reason, and also on account 
of th(^ simplicity of direction, which is in the hands of one man, 
tlio tlieoretical work of the automobile grader is twice as nmch 
as that of tlu^ New h>a grader, and experiments made at Waco, 
Texas, and Philadelphia fully confirm the statements of the manu- 
facturers. 

The cost of the automobile steam grader and ditcher L? 
only S.SOOO. Its operating exp(»nses being calculated at $18 per 
(lay, the cost of the unit of volume of the work will be just half 
of that given for the New Kn\ grader. 

Speaking of the graders and ditchers, it is necessary to men- 
tion a grader which, although it cannot be considered as an 
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rxr^vating- machine according to the definition given, is yet 
ail essential part of any contractor's plant. This grazier, (ir lev- 
flor, is chiefly uswj for finishing and leveling roads and to prepare 
them for the pavement; but in some Ciises it is also useil iii the 
excavation of small trenches and canals through verT,- loose soils. 
Fig. 44 Ulustrates the Westi^m steel reversible road-machine, 




I vhich is the latest gratler placed on the market; similar machines, 

I however, are built by tlie F. C. Austin Mfg, Co., AVestem Wheeled 

[, Scrai>er Company, aotl the Stuart Grader Company of Obcrlin, Ohio. 

The machine consists of a steel frame mounted on four wheels; 

I the main frame is provided with a seat in front for the driver 

[ and a plalforiii in the rear for the operator. The front wheels 

I arr small, so that the machine may turn on a small circle. Two 

iron posts fixed at the middle of the main frame support a beam, 

which is also connected with the frame above the axle of the front 

wheels. The beam supports a floating scraper-blade which is 

regulated by the ojierator by means of chains or levels. The 

I scraper-blade turns on a disk and may be raised or lowered and 
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assume any position, so that it may excavate a ditch of any dimen- 
sion and to a depth of 2^ ft. The earth is turned over one side, 
and when the machine is working in the opposite direction the 
earth is turned over the other side, thus forming the ditches and 
embankments of small irrigating-canals. It is in this kind of 
work that the machine is very efficient and to which it is especially 
adapted. The axle of the hind wheels can be quickly extended on 
either side, so that the wheel on the delivering side of the machine 
is no obstruction to the discharge of the earth from the blade. Tlie 
shape and construction of the scraper-blade, as well as the manner 
of regulating the machine in its work, form the claims of the vari- 
ous patents of this machine as manufactured by the different 
manufacturers. 

The force required to operate a grader consists of five horses 
and two men, and the operating expenses can be assumed at 
$12 per day. The efficiency of the machine depends upon the 
soil and character of the work it performs. Thus, for instance, 
in leveling roads its theoretical efficiency can be considered at 
35,000 sq. yds., and in excavating trenches through very light 
and sandy soil as 1500 cu. yds. It will be safe to assume the real 
working efficiency of the machine at only one-half these figures. • 
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CHAPTER IX. 

EAHTH EXCAVATION: CONTINUOUS DIGGING-MACHINES. 

ExcAVATiNG-MACHiXES which also automatically discharge 
the excavated material into cars, thus performing the double 
purpose of excavating and loading machines, can be divided into 
two classes, viz., continuous excavators and intermittent excava- 
tors. With the exception of trenching-machines, several of which 
have been recently put on the market, no continuous excavators 
are used in America and England, but in Continental p]urope 
they find great favor with both engineers and contractors. In 
England and America the preferred excavating-machine is the 
steam-shovel, or navv>'. 

Continuous excavators for land use are constructed on the 
same principle as the ladder dredge for marine use. They con- 
sist of two endless chains stretched between and passing around 
two revolving drums, and provided with scoops or buckets, which, 
l^ing held against the ground-surface and given motion by revolv- 

• 

H one of the drums, scrape up the soil and discharge it into 
suitable receptacles. The first continuous excavator was pat- 
ented in 1859 by Mr. Chevreux, a Frenchman, and was used on the 
Suez Canal. Since then numerous other machines of this type 
k^vebeen designed and placed on the market. In some of these 
^ke ladder carrying the chain of buckets is placed traiLsversely 
^f the car and in others it is placed longitudinally, or parallel to 
^^^ axis of the car. All of these excavators can, however, he 
^l^fied either as up-digging or down-digging macliine.s. The 
^tinguishing features of these two forms of excavator are illus- 
trated by Fig. 45. Tlie down-digging machine is located on tlui 
surface being excavated, is a machine of large dimensions and 
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great power, and is used for deep excavations; the up-digging 
machine stands on the new surface formed by the excavation, is of 




Fig. 45. 



smaller dimensions and power, and is used either on shallow cuts 
or to prepare the work for down-digging. 

Down-digging Machines.— To illustrate machines of the down- 
digging type the continuous excavator built by Henr}'^ Satrc of 
Lyons, France, is sho\\Ti in Fig. 46. This is one of the most 
perfect machines of the type, and has been extensively used 
in Europe, on the Panama Canal, and elsewhere. The excavating 
mechanism proper is located on a steel platform supported by a 
double truck running on tracks of ordinary gauge. To increase 
the stability of the machine while at work two other wheels are 
inserted on the excavation side, and for the same purpose a third 
rail is introduced, and the axles of the hind wheel of the front 
truck and that of the front wheels of the hind truck are made 
much longer in order to receive these supplementary wheels. 
The machine is self-propelling by means of an endless chain run- 
ning from a sprocket-wheel on the crank-shaft of the engine to a 
sprocket-wheel on the front axle of the hind truck. 

On the steel platform on the opposite side of the ladder is mounted 
a return-tubular steam-boiler, 11.24 ft. long and 5 ft. in diameter, 
having a total heating surface of 537 sq. ft. A double-cylinder 
reversible vertical engine of 55 H.P. capacity is used. This by 
moans of an endless chain and sprocket-wheel moves the upper 
tumbler of the ladder fixed to a frame firmly secured to the plat- 
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form of the car. The tumbler is composed of an axle with two 
hexagonal wheels, each side of the hexagon being such as to 
perfectly receive the links of the articulated chains carrying 
these buckets. The hexagonal wheels are placed 3 ft. apart, thus 
leaving a free space into which the buckets, in turning over, unload 
their contents into a hopper and through a chute to the cars. 

The ladder is made of two trussed iron beams, 43.6 ft. long, 
braced together and provided with rollers on the upper side so 
as to facilitate the running of the chains. It is fixed to the frame 
of the tumbler and chute by means of two heavy tumbuckles, 
which permit regulating the tension of the chains carrjnng the 
buckets. To insure the stabilitv of the machine a hollow box of 
5 tons capacity is located on the opposite side of the ladder at 
the level of the tumbler. At the lower end of the ladder there 
are two flanged sheaves for guiding the chains. The ladder is 
hinged at its upper end and free at the lower, so that it may assume 
any angle, thus closely following the inclination of the slope of 
the ground to be excavated. The raising and lowering of the ladder 
is obtained by means of a chain regulated by a single reversible 
drum and a system of sheaves, the most important being the 
one placed on top of a framed jib. This jib consists of two I-beams 
4 ft. apart and braced together at their upper and lower ends 
and near the center, thus leaving large spaces in order not to 
interfere with the ladder. The lower end of this jib is pivoted 
to the platform of the car, and the upper end is braced by means 
of iron rods to the frame carrying the driving-tumbler. 

The buckets are of steel, of 7.76 cu. ft. capacity. They are 
constructed with a hemispherical face provided wth a sharp 
cutting edge; tluur backs are flat and are attached to the links 
of the chains, the links being hung at the baek of the buckets. 
When the ladder is lowennl down in contact with the bank, the 
buckets, by gradually cutting a slice all the way up the bank, become 
filled and carry the material up to the drivhig-tumbler. Wlien 
the links of the chains attached to the buckets turn over the tumbler 
th<^ material will fall by gravity into the hopjx^r and through a 
chute into the cars. Twenty buckets turn over the tumbler every 
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miniile, so that the theoretical efficiency of this machine per ten-hour 
(lavnill be 7.76X20x60x10=93,120 cu. ft. or 3450.45 cu. yds. 
NotwillistaiHling that tlie experiments maile at Pantiii, Fnince, 
have given actual results very close to the theoretical efKciency 
of the machine, its real work depentis ujwn many circumstances, 
the most imjHjrtant beuig the cjuality of the soil to be excavated 
Mid tlie manner in which the work is arranged. In the excava- 
tion of the Panama Canal 300 cars of 6 cm. yds. each is the a\erage 
elficieuey of the Satre excavator. 

As a rule these continuous excavators give the best results in 
sand, soft clay, and dirt; and their efficiency also depends upon 
the arrangement of the work. They re<iuire in particular em|)ty 
cars iilwa>-s at hand to receive the excavated materials. Since 
the buck^ must continually attack a new surface, the machine 
has to be moved verj- often, and it is thas considered more con- 
venitiit tn place the machine alongside the trench to t)e exca\-at*d 
lliau at the front, since it will then have to travel the entire 
ienglli of the trench before it returns to the first [)osition, thus 
aflottiog all the time necessary for the arrangement of ihe 

TTiis machine works well to a vertical depth of 20 ft. It is 
"peratpil by an engineer, a coalman, a fireman, three canneii, mid 
u I'liainman, and it« consumption of coal is 3 tons per da>'. Con- 
Kidenng the wages of the engineer at $3 ])er day and those of the 
"tliermen at §2 each, and the cost of coal at $4 (wr ton, the dally 
fxpeusce of running this machine will Ije $27 or SO.OOS per cu. }'il. 
of tlie theoretical capacity and $0,015 oi the actual capaeitj-. 

Ill tlie excavation for the improvement of river shores or 
<^ slopes the continuous down-diggiug machine gives the l)e.st 
'^fflitl. Its emploj-ment is also very convenient in the excavation 
W wide trenches greatly extending in length, and where the ex- 
ftivati^d materials are deposited on was!i-banks away from the 
'"* of the work. But it is not at its beat in working trenches 
i»!iprp the excavated material has been used in the embankments 
'"f Ibp construction of the road-liod, exce|)t in the ease that the 
p'icavated eiirlhs can be hauled directly from the top of the trench 
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to the embankment on specially built temporary roads and not 
along the newly constructed road-bed. 

Do^^^l-digging machines of different capacity are on the market; 
they vary from very light to heavy models. In selecting one 
of these machines, however, it will be better to choose a model 
of medium size; a too light machine may be easily overturned, 
while one that is too heavy is difficult to transport and liable 
to fall down the bank which it undermines. It must be remem- 
bered that the do\\'n-digghig machine, Mr. W. P. Williams says, 
rests on the edge of the terrace and the slope, inclined at an angle 
of two to one, is not flat enough to prevent a sliding tendency 
of the bank caused by a 50-ton weight and a vibrator}' movement 
from the contact of the bucket with the bank. But, on the other 
hand, Mr. A. W. Robinson says it is claimed that, as they stand 
on top of the bank instead of in the bottom of the pit, they have 
the double advantage of being independent of seepage-water, 
and of requiring less locomotive power to haul away the loaded 
trains. 

Up-digging Machine. — It has been obser\'^ed in down-digging 
machines that the tendency of the buckets to retain their con- 
tents is inversely proportioned to the slope of the bank. The 
buckets are traveling in a position verj' near the vertical when 
the slope of the bank is ver\' small, while they are traveling 
nearly horizontally when the sloi)e is verj' inclined; consequently 
the buckets are in the most favorable position and jierform more 
effici(^nt work when the bank upon which the machme is working 
has small inclination and when it is most liable to cave in under 
the great weight and strain of the machine. To avoid such an 
accident ^lessrs. Jacciuelin & Chevre have devised a machine in 
which the buckets travel in a vertical position, assuming the 
inclined one when passing over a tumbler where they discharge 
their content into a hopjx'r. Fig. 47 represents the Jacquelin & 
Chevre continuous excavator as modified by Mr. Charles Bourdon 
and employed in the excavation of the Panama Canal. 

The machine is mounted on a steel turntable resting on a 
strongly framed iron-and-steel platform car supported on a four- 
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ivint'ltti Lnick which runs on tracks of ordinary- gauge. A tubular 
boiler is placed on the turntable at the rear end of the car, its 
wis licbg transversilly to the longitudinal axis of the truck. 
!l 'is amngrd in this way in order to be in cquilibriuni with the 
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^^RFr and buckets, which are located at the front end of the 

^Htbine. A vertical engine n])erating the machine is placed at 

^Hk center of the turntable. Tlie engine by means of sprncket- 

^BbcIs and chains causes ihe rotation of the upper tumbler of 

^^t ladder, thus imparting tlie motive power to the excavating 

^T^rt of the machine. Tlie engine causes also the rotation of the 

tumtable around its axis in onler that the ladder may turn on a 

railius and be brought continuously in front of new aurfnces of 

'lie bank to be excavated. In many cases the engine commands 

^ another drum guiding the belt conveyor upon which the 
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material from the hopper goes to the rear end of the machine and 
is dumped into the cars. The machine is not self-propelling, its 
movement ahead being obtained by means of a rope which is 
wound around the winch-head of the engine and passes over a 
sheave fixed to a post strongly located in the ground in front of 
the machine. 

The ladder is made up of a triangular frame fixed to the turn- 
table bv means of iron rods, and it carries four drums. Each 
section of the ladder is composed of two iron beams braced together 
and having an open space in the center in order not to interfere 
with the travel of the buckets. Of the four drums carried by the 
ladder only one is operated by the engine, the others being sim- 
ply used to guide the chains carrying the buckets. The drums are 
composed of an axle and two grooved sheaves of polygonal form, 
the sides of the polygon being made in such a way as to give full 
support to every link of the chain when they pass over. 

The buckets, instead of being fixed to the links of the chains 
as in down-digging machines, are simply suspended to a horizon- 
tal steel axis. The bottom of the buckets is provided with steel 
spurs which slide upon the flanges of the beams on the excavating 
side of the ladder, thus giving a stronger support to the buckets 
while they are imder the strain of tearing the earth from the 
bank. The capacity of the buckets is 2.24 cu. ft. The velocity 
of the chain is 0.984 ft. per second, 15 buckets passing over the 
tumbler every minute. The theoretical efficiency of this machine 
per ten hours is 2.24 X 15 X 60 X 10=20,160 cu. ft. or 746.66 cu. yds. 

Up-digging machines can easily cut banks from 25 to 30 ft. 
high. They are very useful in the excavation of trenches for 
single-track railroads, in which all the cut at the front can be made 
on a single advance. Working at the center of the cut when the 
transportation is done by cars running on narrow-gauge tracks, a 
single-track line can be jdaoed on each side of the machine. The 
excavated materials reaching the rear of the machine, trai^ling 
on a belt conveyor, fall either at the right or at the left, thus 
loading the cars, which on account of the two tracks may be 
always at hand. In such a condition the machine may work con- 
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tinuously; the only time lost will be in its advance, which, however, 
tdss only a few minutes, and its actual will be ver>- near its 
Jheofftical efficiency. But in calculating the capacity of this 
machinp it will be convenient to assmne it at two-thirds of its 
theoretical efficiency; in round numbers it will be 500 cu. yds. 
per ten hours' work. 

The running expenses of the up-digging machine is calculated 
It tl8 per day, and the cost of excavation of 1 cu. yd. of earth 
ill be (0.024 based on its theoretical efficiency, and 90.032 based 
I its real work. The weight of the machine is thirty tons, and 
n working on newly excavated ground the tracks upon which 
( runs must be strongly timbered. Up-digging machines are 
xclusively used by Cont inental contractors, especially in Germany, 
but rlo not find any favnr amongst Americans and Englishmen. 

The Austin-Trench Excavating-ma chine. — Built on the same 
princijile as continuous excavators, there is a small machine for 
the excavation of narrow trenches, called the Austin trench- 
'•xtavating machine and built by the Municipal Engineering and 
Contracting Company of Har\'ey, 111, It was thus desccjbed in 
"the Emjimering News of Sept. 19, 1901 : 

The machine (Fig. 48) consists of a frame built up mainly of 
ftwl I beams and mounted on four broad-tired wheels. Over 
^^ "p front axle is a shaft to which is pivoted a frame about 20 ft. 
long, composed of two steel channels connected by cross-pieces. 
The shaft at the head of the machine, to which this frame is 
pvoted, and another shaft at the outer end of the frame are each 
P^ with two hexagonal sprocket-wheels carrying a pair of end- 
"^ link-belt chains, built up of steel drop-forged links connected 
T Cross-bars and flat blades or scrapers. Each cross-bar is fitted 
•"fi two or three cutters of drop-forged steel, the cutters on the 
^^ihI bars being staggered so that the entire series of cutters 
^ cover the whole width of the excavation. Alternate bars 
"^ also fitted with side cutters or reamers for trimming the sides 
^^ the trench so as to give a clearance for the cutter-frame. The 
"*iies behind the cutters form scoops to carry up the material 
*^med by the cutters. 
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At the rear end of the machine are two vertical sliding bars, 
the lower ends of which are at tached to the end of the cutter-frame. 
The bare are fitted witli racks, gearing with pinions on a trans- 
verse shaft above the rear tixle. Tliia shaft is driven by gearing 
and the arrangement constitutes a "crowding" device for forcing 
the cutter-frame against tlie bottom of the trench, so that the 




greater part of tlie weight of tlie macliine is carried by the breast 
of tlie cut. 

Tlie depth of the cut is regiilatecf by raising or lowering the 
free end of the cutter-frauie. The cuttere travel up along the work- 
ing breast, loosening the material which is carried up by the blades 
or scrapers. At the head of the machine this material is dumped 
upon two horizontid belt conveyors at right angles to the trench, 
which dischai^e the excavated material either into wagons for 
removal or upon the ground alwigside the trench ready for the 
back-filling. The machine hauls itself along by means of a wire 
cable anchored about 300 ft. ahead. This cable is wound upon a 
drum which has at one end a ratchet driving-wheel. Tlie pawl 
of this wheel is operated by a rod from an eccentric on the main 
shaft of the machine, and the throw is adjustable, so as to allow 
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of FF^ating the speed of advance or fetrd according to tlie depth 
nf tui and the character of the mateiial. 

Power is derived from a 25-H.P. traction engine coupled ahead 
of ^le machine. The main shaft of the engine carries a eprocket- 
wtiff] connected by a link-belt driving-chain with a similar aprocket- 
whrei on the main shaft of the excavating-machine. From this 
liiller shaft a link belt dri\-e3 the shaft at the head of the cutter 
ftaw, while vertical link belts drive the bevel-gears from which 
thi' conveyors are 0[:erafed. Two men are, requiretl one to Ojier- 
ut" the traction engine, and the other to operate the excavator, 
s'lil'piiig and starting the cutting niechunisni, and regulating the 
sjiwl tis required. Other men attend to the hauling cable, the 
liwcli-sheeting, and the back-filling. 

The Austin trench-excavating macliine supplies a long-feJt want 
"I the engineering profpHsion. To open a trencli for pipes or 
*MTS, when the work is done by hand, often requires the removal 
"f much more niatt-'rial than is actually needed for the trench, o^^-ing 
I" ihe necessity of having the trench wide enough for the men to 
™ilK' their tools,' In deep trenches, also, the work by hand 
Itixir is often Increased by the necessity of working in stages, the 
wieriiil being handled two or three times before it reaches the 
Efface. The Austin machine does the work cheaper and (juicker 
lliaTi by hand. It has already been used on contract work with 
swi'<ssin different kinds of soO. At Glencoe, 111., about G,000 ft. of 
"Hich have been excavatetl with this machine, the witlth of the 
irpiich being 2 ft. and the depth from 9 to 15 ft. The material was 
^w hard stiff clay. The 2-ft. trench would be too narrow for ex- 
ravMion by hand, but just allows room for the pijx^-layers to work, 
'W pip(. being kept up to within about 15 ft. of the machine, 
"fhind the pipe-laying the back-filling was done by a horse and 
'"^ scraper, with two men ; the scraper working across the trench 
*"'! scraping the excavated material from the ridges into the 
'Wch. In this hard material the excavator dug about 50 ft. an 
^™fi but in good earth free from boulders the progress may be as 
much as 100 ft. an hour. At Glencoe 5<K) ft. of trench 13 to 15 ft. 
**P wpre excavated in a working day of ten hours. 

^■uall boulders can be handled, the cutters loosening the material 
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uroiuKl them until they fall out and are carried up by the blades 
For large boulders tlie cutter-frauie can be raised and the stOi 
removed by picks. The machine will work in any place whe 
there are not too heavy rocks which the machine cannot hand! 
It will cut trenches 24 to 48 ins. wide and as deep as 20 ft. 

Still another machine working on the same principle as tl 
continuous excavators is the entQess-chain exeavating-machin 
used in the excavation of the tumiel for the Central London Ry, 
represents the only machine that has ever been employed in ttl 
excavation of tunnels through loose soils. The special constru 
tion of the ladder and the buckets travelling horizontally are dl 
to the particular condition of the work this machine was intendc 
to perform: but with a slight mociification it could be easily madfl 
verj' practical trench-excavating machine. It is also very intei 
esting on account of being the first excavator run by electricit;^ 
The description and cut (Fig. 49} of this machine are taken froB 
the Engineering News. 



This excavating-machiiie consists of an under-carriage ' 
wheels running on a 6 ft, S in, gauge track. This carriage haa a 
opening beneath 5 ft. 8 ins. high and sufficiently wide to adm 
the usual 2 ft. gauge cars underneath it. The top of this carr 
is strongly braced and carries a short king-post on which an i 
carriage revolves. This upper carriage has sides of plate-ii 
cross-braced and with a central casting revolving on the king-p 
attached to the top of this carriage is an endless chain carr 
excavating-buckets. The frame which carries this chain is 1 
long and is held up by two chains passing to a winding-drum in tl 
upper part of the carriage. 
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The machmc is driven electrically by a 100-ampere motor tak- 
ing current at 200 volts. The current is supplied by a 20-H.P. 
euginB aiid dynamo at the head-house. The motor is mounted on 
Ihe back end of the carriage and drives a shaft parallel to the car- 

e by a two-thread worm and worm-wheel. This shaft also 
Dperalea the revolving, the propelling, and the raising and lowering 
par by suitable bevel pinions and wheels. The revolving-gear 
Mnasts of a pair of friction-cones and bevel-wheels driving through 
A worm-gear, a chain-pulley with chains passing to the sides of 
llie iinder-frame. The raising and lowering of the bucket-ladder 
* also performed by a pair of friction-cones and a worm-gear, 
uiiion the barrel of the latter the lifting-chains are wound. The 
traveling gear is worked from a pulley on the opposite end of the 
Bintflr and belted to a pulley on a shaft over the king-post. From 
this latter shaft, by means again of friction-cones, another shaft 
feadiug down the king-post is operated, and drives, by a worm- 
^M,two spools placed on either aide of the under-frame. From 
'*iK^ spools wire ropes are led and anchored to the sides of the 
tunnel, and by them the machine is moved. 

-\s the excavating-buckets are run at higher speeds than those 
*f<i on dredges, especial care has to be given to the feed, and 
•1' Ipvers and wheels for the control of the machine are within 
f*^ reach of the operator, who stands on a small platform on 
* left of the machine. The bucket-ladder is fitted with a screw 
^tt^nsion device for tigiitening up the bucketrKihain, The buckets 
■** tpally scrapers and each has four or five teeth, placed alter- 
J'^^ly, chisel-shaped and fitting into recesses cast in the back of the 
WH'kets; but as one or two were broken, gun-metal has since been 
■nplnjed with better results. 

^Tiile the machine is not as large or heavy as experience shows 
''™il(i be desirable, the only stoppages have been due to the break- 
% of buckets. As it is, the saving over liand labor is very con- 
tiftiilte and an average advance of three 20-in. rings is made in 
*^ liours with eight men at the face, including the machine 
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EARTH EXCAVATION: INTERMITTENT DIGGING-MACHINES. 

m 

Like continuous excavators, those which operate intermittently 
may be divided into two classes, those which excavate upward 
and those which excavate dowTiward. Steam-shovels, or navvies 
as they are called in England, are up-digging machines and orange- 
peel and clam-shell excavators are down-digging machines. Each 
of these types of excavators will be discussed by itself. 

Steam-shovels. — If we observe the movements of a man 
shoveling it will be seen that they are as follows: (1) The shovel 
is lowered; (2) the blade is thrust into the ground; (3) the filled 
shovel is raised ; and (4) the shovel is swung around to discharge 
its load into the waiting wagon or car. All these movements 
are exactly reproduced by the steam-shovel. The shovel proper 
consists of a large bucket or dipper attached to a dipper-handle 
supported by a boom or jib which can slew around a full semi- 
circle or more. It is operated, through a system of chains and 
sheaves, by a three-drum reversible engine located on a car which 
also carries the steam-boiler and all other operating machinery. 
Steam-shovels are self-propelling and are operated by an engineman 
and a craneman. The movements of a steam-shovel in operation 
are as follows: (1) The dipjDer is lowered to the ground; (2) its 
edge is thrust into the bank; (3) the dipper is then raised so as 
to scrape or scoop out the bank until full; and (4) the dipper is 
swung around over the car and its contents discharged by unhitch- 
ing tlie bottom, which swings open on a hinge. The lowering of 
the bucket is accomplished by loosening the hoisting-chain, which 
passes over the top of the boom and supports the pulley to which 
the dipper is attached. The second movement is obtained by 
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lengthening the dipper-handle; this is done by the craneman, 
who stands at the foot of the boom. By means of a foot-break 
he can arrest the dipper-handle in any position, thus having a 
point of support around which it may rotate. The raising of 
the dipper is accomplished by reversing the drum of the hoisting- 
chain; the bucket scraping the earth is filled with dirt. Then 
the craneman loses a little the foot-break, and withdraws the 
dipper-handle so as to disengage the bucket from the material. 
The slewing of the boom or jib is accomplished by a chain encased 
horizontally in a groove of a large wheel at the foot of the boom. 
In turning, the bucket reaches a position just above the car to 
be loaded; the craneman then pulls a rope commanding a latch 
at the bottom of the bucket, which is thus opened and the earth 
falls by gravity into the car below. The bottom of the bucket 
closes automatically when the dipper is brought back against the 
earth to be excavated. 

According to Mr. Hermann, the first steam-shovel was designed 
and patented by Mr. Otis about 1840, but it was not until 1865 
that the machine came into general use. It is now built by 
several manufacturers, whose machines vary in the design of 
various parts, but the principles of operation are essentially the 
same in them all. Only two models of steam-shovels will be 
illustrated here, the Bamhardt steam-shovel, built by the Marion 
Steam-shovel Company of Marion, Ohio, and the Dunbar-Ruston 
steam-nawy, built by Ruston Proctor & Co., Ltd., of Lincoln, 
England. 

Bamhardt Shovel. — The Bamhardt steam-shovel, illustrated 
by Fig. 50, is mounted on a platform car supported on two four- 
wheel trucks of the usual construction and ordinary gauge. The 
bolster and cross-ties of the car-frame are of white oak reinforced 
by steel channels. The sills are of steel channels and I beams, 
with wood filling, securely bolted together and riveted to heavy 
steel end plates. The car is provided with a draw-bar at each 
end allowing it to be coupled into freight trains and hauled at 
ordinary freight speed. To prevent the car from tipping under 
the great strain of the shovel, the base of the car is greatly in- 
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creased by means of two steel jack-braces attached one on each 
side of the front end of the car. The jacks being hinged are easily- 
folded alongside of the car in passing obstructions when the whole 
machine is in movement. 

Both the boiler and the engines are located on the platform 
of the car, the boiler being at the rear end, the engines near 
the center of tlie car; they are protected by timber side walla 
and corrugated iron roof. The size of the boiler and engines varies 
with the various models, but in the model G, here illustrated, 




the boiler is of locomotive t>-pe, 54 ins. in diameter; the fire-box 
Ix-iiig 48 ins. long, 48 ins. wide, and 54 ins. high. It contains 
70 flues 3 ins. in diameter, each 72 ins. long. 

Two double-cylinder vertical engines are employed. The 
one used for hoisting has cylinders lOX 12 ins., and the other, used 
for thrusting, has cylinders 7X8 ins. The drum-shaft rotates 
continuously in one direction. On it there is mounted a heavy 
steel gear, driven by steel pinion on the engine-shaft. Three 
friction-dnmts are also mounted on this shaft, the hoisting-drum 
in the center and the si,vinging-drums on the ends. 

In front of the covered car there is a turntable with grooved 
flanges to encase the slewing-chain of the boom. The turntable 
is thoroughly braced and stayed in everj' direction by means 
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of steel plates, bars, and forgings, securely riveted together. At 
the center of the turntable is fixed the foot of the boom, which 
may turn by turning in opposite directions the two drums com- 
manding the slewing-chain. The boom is an inclined oak beam 
reinforced by steel plates, bars, and forgings, with a slot in the center; 
its lower end is fixed to the turntable and its upper end is tied, 
by means of an iron rod with tumbuckle, to a pin inserted at the 
top of the A-frame structure. This consists of two racking-beams 
made up of heavy steel bars and forgings, with filling of white 
c ak, surmounted by a cast-steel headpiece and in the shape of 
the letter A. The A frame is connected at the bottom with 
jiedestals by means of heavy forged-steel hinges, extending through 
to the under side of the sills of the car, and it is also braced to the 
rear end of the car. 

The boom commands the shovel, consisting of a large bucket 
and the dipper-handle. Tlie latter is made up of a square oak 
beam reinforced by steel plates, bars, and forgings. Its lower side 
is provided with a rack engaging a system of cog-wheels which are, 
in the latest models, moved by a small engine mounted on the 
boom. Such an arrangement permits the lengthenhig aiul short- 
ening of the handle, and by a break it may be arrested in any 
position, thus having an axis aroimd which it rotates. 

The bucket or dipper is of 2^ cu. yds. capacity. It is of plate- 
steel, with a semi-elliptical cross-section. Its cutting edge is 
armored with four heavy forged-steel teeth running to the bottom 
of the bucket. They are fastened by iron bars and bolted to the 
bucket with flat-headed bolts, so that they can hi' (*asily rc^nioved 
and changed when damaged. The bottom of th(» bucket or dij)- 
per is made of steel plate and is hingcnl at one side* and kept closed 
by means of a spring-latch. The bucket is provided with two 
racks, one near the top, and is attached to a sheave susjx^nded 
to the hoisting-chain; the other rack is placed near the bottom 
and is fixed to the handle. 

This machine can excavate and load two buckets everv minute, 
and consequently its theoretical efficiency is r)X(>Ox 100-= 3000 cu. 
yds. On accoimt of the difficulty of coordinating the work of 
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two or three operators and the loss of time in advancing the 
machine, clearing the tracks, waiting for the cars, and other 
obstacles which are met with in the excavation, it is safe to con- 
siiler the real practical work of this machine not more than one- 
half of its technical capacity, and usually about one-third. The 
running expenses of this machine can be assmned at $24, di\'ided 
into the following items: Two engineers at $3 each; one craneman, 
and one fireman at $2; six carmen at $1.50; 1 ton of coat at $4 ; and 
$1 for oil, water, waste, etc. The cost of excavating 1 cu. yd. of 
earth with this machine will be 0.8 cent at full capacity, 1.6 cents 
at one-half capacity, and 2.4 cents at one-third capacity. 

Dunbar & Ruston Hawy. — The 8teain-na\'v\' used in England 
in much similar to the steam-shovel. Fig. 51 illustrates the Itun- 
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bar & Ruston steain-na\Ty as used in the excavation of the 
Panama Canal. It consists of a strong rectangular wroi^ht-iron 
frame mounted on wlieels, forming a substantial base to which 
all the parts are secured. At each comer of the frame is a strong 
jack-screw, and a fifth is placed immediately under the pivot of 
the jib on the front end of the frame. These take the entire 
weight when at work. 

On the back end of the frame is located the engine beside 
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iiicd (lie driver stands. The engine is of the ordinary vertical 
typt', with a crose^tube boiler carrying usually 80 lbs. pressure, 
and las a pair of cylinders of 10 Il.P. nominal. It runs up to 
to 170 revolutions fcr minute under the control of a governor. 
On llip crank-shaft is kej-ed a pinion , gearing into a spur-wheel 
)ur tiroes its size on the main drum-shaft, from which all the 
liier motions are transmitted, 

M the front end rises a wrought-iron tower carrying the top 

pivol of a crane-jib, the lower pivot resting on girders fixed to 

Hit main frame. The tower is an oblique truncated pyramid, 

tell extendeil at the base for bolting to the longitudinals of the 

i frame. It is formed of the plate sides, stiffened with T 

'. mid braced together with cross-plates and stays. Between 

plates is an opening large enough for the driver to watch the 

IDiitioii of the bucket, even when the jib is straight ahead. The 

top •){ iJie pyramid is finished with a roof-plate extended forwards 

front for taking the top pivot of the jib, and stiffened by a 
V-shaped girder like that for the bottom pivot; on this table 
IK placed also the guide-pulleys for the main chain. 

The jib may be said to be of twin construction, being composed 
ti Iffo sides which are united only at the post and at the outer 
•oil or point; l)etween them, therefore, is a long slot in which 
"Kings an arm of adjustable length, depending from a fulcrum 
fofil on the upper member of the jib. At the base of the post 
lea circular platform, on which a m:m stands to regulate by means 
*f a baad-whecl the "reach" or length of radius of Ihe arm. 

The bucket-arm is made of two oak planks bolted together at 
'"pimd bottom so as to leave a long slot between them, through 
»liicli passes the mam chain. On the back edge of each plank is 

iwi, gearing with a pinion fixed on the fulcrum-shaft on the 
^P of the jib. The same shaft also carries a swing-frame pro- 
™«1 with four rollers, which press on iron bars or runners fixed 
"""g the front edge of the arm so as to hold it up close to the 
("kruni while j-et allov,-ing it to be moved longitudinally by the 
Wtks and pinions for lengthening or shortening it ; the movement 
■ gH-en by a pitch-chain wheel on the outer end of the fulcrum- 
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shaft, driven from a piDion on the hand-wheel shaft, which 
under the control of the wheelman. 

The bucket is made of steel plate; its mouth is semi-elliptic 
and its cutting edge is protected by four strong picks or teetl 
which are made so as to be easily renewed when worn, being fixe 
to the lip of the bucket by countersunk bolts and nuts. On tl 
top of the bu(^ket are fixed two plates strongly gusseted, betwi 
which the lower end of the ami is secured by a through-pin, 1 
two top plates carry the lumped hinges riveted to the flap ( 
door. Tills is fastened by a stout bolt fixed on the outMde, oppC 
site to the hinges, and kept closed by a spiral spring protected 1 
a casing. By pulling a cord attached to the bolt this is witi 
drawn out of its socket and the door falls open by its own weigh 
and hangs vertically. When the bucket is lowered and brou|^ 
back again to the bank the door latches itself a\itonmticaUy i 
closing. Tlie handle or " bale " of the bucket swings on pins fixe 
about centrally on each side; it is well arched to allow room fol 
the dirt, and is secured to the snatch-block by a pin and strap. 

The main lifting-chain jmsses from the winding-drum of t 
engine, through the tower and over tlie pulleys on the top, thmuf 
the bucket-arm, over a sheave on the end of the jib, round 
snatch-block on the handle of the bucket, up to another shea* 
on the jib, and down again to the snatch-block, obtaining, then 
fore, a treble purchase. 

The capacity of the bucket in the machine employed on ti 
Panama Canal is 1| cu. yds. It takes three-tiuarters of a minut 
to load and discharge the bucket and return it to its former poe 
tion. Moving forward, laying rails, and waiting for cars may 1 
set down as a deduction of 10 nunutes per hour, leaving 50 minuti 
for cutting, which ^ves, say, 60 as the nunilxr of bucketdoaifs 
hour, or 600 per day of 10 hours. The theoretical capacity of th 
machine can therefore be assumed at 750 cu. yils. per dav. 
practical work, however, only two-thirds of its tlieoretical < 
ciency is obtained, and it is safe to calculate its output at 500 c 
yds. per day. 

The working expenses of this machine can be calculated l 
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$17.50, divided into the following itenfis: One engineer at S3, a 
craneman and a foreman at $2 each, four men at $1.50. one ton of 
coal, and 50 cents for water, oil, and waste. The cost of removing 
a cubic yanl of earth at its theoretical efficiency wiU be 2.312 cents, 
and at its practical efhciency, 3.5 cents. 

TImw Automatic Steam-shovel. — From the description of the 
two machi-ies given above, it can be easily seen that no espeiitial 





I ttiCference in design exists between the American steam-shovel aod 
[ the English navvy; but a somewhat radical departure in the 
I design of steam-shovels was taken by the Thew Automatic Shovel 
, Company of Lorain, Ohio, whose shovel, Fig. 52, is thus illastrated 
by the Engineering News, Vol. X1.V, p. 260. The chief feature of 
no%'elty in the machine is found in the construction of the swinging 
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boom and the method of manipulating the dipper, particularly 
with reference to the crowding motion. The dipper-arm is hinged 
to a carriage or trolley which slides horizontally along a trackway, 
forming part of the boom structure. The dipper is forced into 
the material to be excavated by advancing this carriage, thereby 
shifting the point of rotation for the dipper. This sliding carriage 
is of steel, with replaceable friction-shoes, and is actuated by wire 
cables operating over drums geared to the boom engine. Proper 
tension for the cables is secured by adjustment at the drums, which 
are double, one part being keyed to the shaft, the other loose vnth 
suitable provision for clamping to the fixed portion when in desired 
position. A throttle-lever, manipulated by the craneman, controls 
the movement of the trolley, a trip at each end of the horizontal 
stroke cutting off the steam automatically and obviating any danger 
frcm carelessness on the part of the operator. 

The dipper-arm is of rectangular cross-section and adjustable as 
to the length, the lower portion telescoping into the upper and 
being held in place by a lock which engages the teeth of a rack 
attached to the lower member. This lock is retained in position 
by a spring and is oj^erated by means of a lever conveniently 
accessible from the crancman's platform. The lock being released, 
the length of arm can be adjusted by moving the trolley back or 
forward as desired. 

The combination of the boom with the trolley trackway is 
claimed to afford a very stiff construction, the slight clearance 
requii*ed for the upjXT end of dipper-arm enabling the rigid cross 
connection of the two sides at frequent inter\^als. The boom 
girder is reinforced by Z bars, which form a guide for the dipper- 
luin(U(\ then^by greatly increasing the lateral rigidity in operation. 

The l)0()ni is suspended from the A-frame head by wire guy, 
cables. A further departure from generally accepted methods 
is found in the use of wire cables instead of chains for the hoisting 
and swinging motions. With sheaves of proper diameter it is 
ch.inied that most satisfactory results are secured, the decrease in 
friction and in the weight of operating parts being of considerable 
hnoortance. Additional advantages which are claimed are the 
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nofeelessness of operation and the lessening of unexpected breakage, 
wire cable in almost every instance giving ample warning of 
failure by its exterior appearance. 

Ill general construction the excavator is of the A-frame type, 
^"ith independent reversing-engines for the hoisting, swinging, 
and crowding motions. Particular attention has been paid to the 
(lesion of the car body, especially with reference to the rigid con- 
nection of the front portion of the car frame, which carries the 
tunitiible, boom, A frame, and jack-stays, and which nmst with- 
stan< I the severest strains of operation. 

T'lie practical value of this new steam-shovel has hi^m fully 
demonstrated not only in the excavator just described, but also 
in siligle-truck shovels of smaller capacity, of which a larg(» number 
are now in use for hauling ore, limc^stone, and fuel in blast-furnace- 
yanle^ and on the docks at Lake ^>ie ports, as well as in ])lacer 
niining and general excavating work. 

*^ The steam-shovel, or navvv,'' Mr. Ruston savs, ''excavates 
and delivers into wagons any material capable of bein^ cut, such 
as sand, gravel, chalk, and clays of all kinds, di<::<>:ing out with equal 
facility the hardest and toughest, such as require blast inji; when 
worlvcnl bv hand. It can also deal with these materials when 
thiclcly interspersed with stones and heavy Ixmlders; and without 
'^'^^^ unduly strained it cuts through S(»ams of flint, slial(\ slat(\, 
^^re\-^j^ sandstone, which may intersc^ct the face of the exca^'ation 
^^ ^'"^ at work upon." 

T^lie cutting edge of the bucket is never at a height greater 
^han. 14 ft. from the ground, but the steam-shovel may cut faces 
^^ ^*^uch greater heights because it undermines the bank, thus 
^^^^ing the fall of the upper part, which then may be easily taken 
^P V:>y the bucket; or the fall of the upper part of the bank may 
^ <^l)taine(l by workmen working with k^vers and crowbars, and 
^*a^n the earth is at the foot of the bank it can be picked U]) l^y the 
^^^Vcet. Consequently the machine can cut banks of 20 and 25 ft. 
anc\ ^ven greater heights, this, however, chiefly (lei)ending upon the 
looBoness of the soil. 

The steam-shovel cuts its own wav and is a ver\' valuable 
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machine in cutting for single-track roads when both sides may be 
reached on a single advance. Its efficiency, as in the continuous 
up-diggers, depends mainly upon the arrangement of the transporta- 
tion service ; it is greater when two tracks can be provided, one oa 
each side, in order to have always empty cars on hand and ready to 
he filled. But it also does verj' efficient work in excavating larga, 
trenches; then the transportation will be done by one track, afl- 
will be seen in a succeeding chapter. 

In regard to the efficiency of the steam-shovel Mr. A. W. 
Robinson, in the March, 1903, number of the Engineering Maga- 
zine, describing a ateam-shovel of his own design and built by the 
Bucyrus Company of Milwaukee, Wis., says: "The steam-shovd 
haniUes a dipper of SJ cu. yds, capacity four times a minute, so 
that in a good bank when it can fill its dipper the rate of work 
is 14 cu. yds. per minute. It can make a cut 55 ft. wide and 
dump its load 16 ft. above the rail. It is worked by a crew of 
throe men on the machine and two to five laborers in the pit, 
and the coal consumption is about 1^ tons per 10 hours. This 
shovel has a record of 5880 cu. yds. of gravel loaded on cars in 
12 hours and 45,000 cu. yds. in 9 days. 

To make the great capacity of this shovel available it is neces- 
sary to provide car service of large capacity and as nearly con- 
tinuous as possible. Trains of twenty-five cars, each holding 
twenty or more cubic yards, and hauled by powerful locomotives, 
were used and served past the shovel on a through track, and 
as soon as one was loaded its place waa taken by a second 
train. 

From this it can be deduced that notwithstanding its machine 
was working under the most favorable conditions, yet the maxi- 
mum working capacity was only half of its technical efficiency, 
and consequently in order to be on the safe side it is necessary 
to consider the work of the machine at one-half of its technical 
efficiency. Besides, the working capacity chiefly depends upoa 
the arrangement of the trains which are hauling away the excavated 
materials, and in fact it will be useless to have a powerful and 
expensive machine of large capacity when it must remain 
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A of the time wwting for the cars to haul away the excavated 

Land-dredges. — The second class of intennittent excavating 
madiiaes comprises all those which dig downwarti, the excavator 
swiKiing on the top of tlie bank being excavated. The machine 
cansists essentially of a derricic or crane from wliich the bucket 
is suspended and raiseil or lowered in the usual manner. This 
bucket is provided with an arrangement by which it can be closed 
otoiienpil at will. In ojjeration it is lowered open to the ground, 
ini" which it sinks by its own weight; it is then closed, thus 
srabbmg a quantity of earth, raised, and swung over the car, 
inio nrhieh the material is discharged by opening the bucket. 
Excavators of this sort are successfully employed in excavating 
pils sliere the material has to be loaded into cars standing on 
le surface of the ground. 
Excavator-buckets are usually either clam-shell or orange-peel 
Wltele. The orange-peel bucket, Fig. 53, patented and built 




A 



m^ 
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Fia. 53. 

f the Haywarti Company of New Yorlr, consists of four curved 
toinJar blades, and when closed forma a tight hemispherical 
Iteptiicle, containing the earth or other excavated material. 
1 open tiie blades resemble sharp spades which are so ad- 
justed that the maximum digging effect is produced with but a 
"^i tendency to lift the bucket when closing. Horizontal arms 
^?'S riveted to the blades, and their inner ends are attached to a 
BtraJ block, while the outer ones are hinged to vertical con- 




i 
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necting-rods, pivoted at their upper ends to the upper ceate«" 
block. The power wheel for closing the bucliet is fastoneil K^ 
the lower central block, and is somewhat eccentric in shajw, s<:» 
that it gives its raaximuin power just aa the bucket begjns to 
cJose, The l>ucket is weJ! braced, and the shaft is extended t 
either side to receive the cams, to which are attachet^l thf i 
power chains suspended from pulleys and carried either by I 
boom of a derrick or l)y the rojffiwaya of hoisting and conveying n 
clijnes, and guided by the two drums of the engine. The capacity 
of the bucket varies from J to 1 cu. yd., according to the dim 
sions. In buckets of 1 cu. yd. capacity the diameter is 5 ItA 
7 ins., and the whole bucket is 7 ft. .3 ins. high, WTien open it % 
6 ft. 5 ins. in diameter and 8 ft. 4 ins. high. 

The other form nf buckets used with intermittent excaTftUu 
machines is the clam-shell, which takes its name from its simiUiitJI 



to the shell of a clam, as indicated in Fig. 54. The claro-shd 




Flo. 54. 

bucket is composed of two steel scoops hinged together so that hyB 
means of chama they may be opened or closed at the will of the^ 
engineer. The bucket e.\cavate3 in the same manner as tlje orange-« 
peel bucket. 

The clam-shell or gral)bing bucket, as it Is mow [iniiperlyl 
called, has the edges of the scoops which come in contact witb 
the earth arrangetl in different ways, according to the malerisl 
into which it has to work. The edges are made plain when iheJ 
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machine has to excavate very loose soil, as quicksand, mud, etc. 
^_ For clay a grab with spaces between the tines is most suitable; 
H| for ImnI, sandy material a grab with int*'rlocking tines, set close 
^B together, is necessary; and for gravel and rock an open-tined 
^^Lgrab is used as .shown by Figs. 55. 

^^ft TTiese intermittent machines can be operated by one or two 
^^Pidiains. \Vheii provided with only one chain the grab must 

np«v.v-.;iri[y III' liKcd ivitli additional levers and ^iitchos. which arc 

very !i:dil<' ('> ij^'t mit cf iimler; it is wrong i 




unv 
^■proj 



inlricati' wurkhig parts witli a hiickot nr gr;ili wliidi i> (■<in«t;inlly 
in motion ami thus camiot receive pro|)er attention from tlur 
driver in lubrication, etc. Besides, with the smgle chain the 
mcket niu.st be raised to a certain height to be discharged, while 
th the double chain the bucket can be opened and closed in 
ly position. It is often necessary to hoist the grab over some 
ijection and lower it again liefore discharging, which can only 
be done by means of two cliains. For the above reasons the 
double-climn system is always preferable. 

Intermittent digging-machines provided with grabbing-buekets 

more usually employed in dredging than in earth excavation 

land. Here, however, they are beginning to appear and, perhaps, 

'ill be extensively used when better known and appreciated by 
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engineers and contractors. In cases in which the machine must 
remain on top of the embankment to be removed, and the ex- 
cavated materials hauled to the dumping places on roads laid 
at the level of the top of the embankment, these machines are very 
efficient and can be advantageously employed. Another great 
advantage is their ability to excavate from 20 to 30 ft., and even 
deeper, by simply elongating the hoisting-ropes, an advantage 
which is not possessed by any other machine. 

These down-digging intermittent machines provided with 
grabbing-buckets are generally mounted on a platform car run- 
ning on tracks. On the rear end of the platform is located 
the boiler, which is usually of the vertical type, and often the 
boiler is accompanied by a wrought-iron water-tank. The engine 
operating the bucket has two cylinders strongly fixed to cast-iron 
side frames, which work the lifting-drum without gearing, and 
are designed for working the self-acting bucket and grab at a 
great speed, together with all necessary working parts, including 
lifting, lowering, and turning gear, etc. The jib or boom can be 
made either of wood or steel, and its lower end stands in the center 
of a turntable or bull-wheel attached so that it can turn around a 
pivot center. The upper end of the boom is commanded by 
means of the rods to the A frame placed at the front of the plat- 
form car. From the top of the boom is suspended the grabbing- 
bucket, whose various movements are regulated by the engineer. 

The efficiency of these machines varies with the different 
kinds of soil and the capacity of the buckets. The Priestman 
Brothers, Ltd., of London, in their catalogue give the following 
figures as the approximate quantities of material one man will 
raise (by steam) per day of ten hours at an average depth of 
20 ft.: 



Capacity 

of Bucket 

or Grab, 








TonB of 
Mud. 


Sand. 


Clay. 


Size in Cwts. 








10 


250 


200 


150 


20 


500 


400 


300 


30 


650 


550 


400 


40 


800 


700 


500 



CHAPTER XL 

METHODS OF HAULING EXCAVATED MATERIALS ON LEVEL 

ROADS. 

Under the general name of hauling is included the transpor- 
tation of excavated materials from the cuts and borrow-pits to 
the various fills or spoil-banks. Such transportation can be accom- 
plished in so many different ways that it would be almost impos- 
sible to give a full description of them all. For sake of conve- 
nience, however, and in onler to facilitate the review of the most 
important means of transportation at the disposal of engineers 
and contractors, hauling will be considered here under four head- 
ings, according to the roads along which the materials are hauled : 

(1) When the earth is hauled on horizontal roads or roads 
having only a small gradient. 

(2) When the roads are verj^ steep, and consequently the 
fnaterials must be hauled along inclines. 

(3) When the materials are hauled in a vertical direction or 
hoisted. 

(4) When the materials, instead of being transported on roads 
Wd on the ground-surface, are hauled on roads suspended in the 
air. 

For each one of these groups there is a large variety of means 
of hauling, whose convenience will depend upon many circum- 
^ances, but chiefly upon the quantity of material to be trans- 
Parted and the peculiar conditions of the work. These elements 
should be accurately determined by the engineer and contractor, 
^asto choose the most efficient means of hauling in the particu- 
'ar ease mih which they have to deal. It is only by doing this 
^t the work can be performed with the greatest economy. 
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Speaking of the hauling of excavated materials in a general 
way, it is necessary to remark that the earths when removed from 
their natural beds increase in volume and consequently the quan- 
tity of earth hauled will be greater than is found from measuring 
the cut. This is an important item to be remembered, because 
it is liable to lead to great disappointment, especially when, on 
account of competition, the bids for the work are prepared \nth 
only a ver\' narrow margin. The writer thinks that the swelling 
of earth after being dug is directly proportional to the cohesion 
of the material, and consequently the more compact the soil is 
the greater is the increase of volume. Trautwine says that earth 
when dug and loosely thrown out swells about one-fifth part, so 
that a cubic yard in place averages about 1^ or 1.2 cubic yards 
when dug; or 1 cu. yd. dug is ecjual to ^ or to 0.8333 of a cul)ic 
yard in place. Rock increases in volume from 25 jxt cent, in 
the case of small or medium fragments and road metalling to GO or 
70 jx^r cent, in large fragments carelessly piled. 

In many public works the quantity of earth hauled away is 
calculated by counting the carts and wagons, whose capacity has 
be^en previously measured. This foolish manner of measuring 
earth originated the mistaken belief so common among engine^ers 
and contractors in this country that earth when placed in em- 
bankments will shrink from the volume measured in the pit. 
Counting the wagons for measuring the hauled earth is, however, 
ver}' convenient to the contractors. It requires the continuous 
presence of a representative of one of the contracting parties and 
consequently a complication in the calculations and greater 
expense. It is used only on city or state works where the con- 
tracting party does not seek for economical work, but to give 
employment to as many political friends as possible. 

IIAULIXG ox HORIZOXTAL OR NEARLY HORIZONTAL ROADS. 

The easiest way of removing excavated materials is by hauling 
them along ordinary roads which are horizontal or have only a 
small gradient. This is |XM*formed with different devices or im- 
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plements whose description will form the subject of the present 
chapter. Each of the described means of hauling is very effi- 
cient, but they cannot be used indiscriminately. In each par- 
tkular case the engineer has to deal with there is always, accord- 
ing to the distance, one means of hauling which is more con- 
venient than any other. It is for the purpose of determining 
the most convenient means of hauling in each case that this 
description has been supplied with tables w^hich can be easily 
changed according to the data varjnng with the localities. The 
calculation has been based on the prices in the city of New York, 
where the wages are higher than anywhere else. 

In hauling materials on ordinarj^ roads it is necessary to 
take into consideration the grade of the road. Thus, if the road 
is horizontal or descending, it is its horizontal projection that is 
considered as the real distance; but if the road has an ascending 
grade, the distance or length of the haul is given by the formula 

L(l + O.Ola), 

where L is the horizontal projection of the road, and a a coefficient 
varying with the grade and with the means of transportation as 
foUows: 

^Tien the hauling is done by means of wheelbarrows, carts, 
or wagons 

g-l 2, 3, 4, 5, 6, 7, 8, 9, 10%, 
and 

0=5,, 11, 18, 25, 33, 43, 54, 67, 82, 100%; 
^liJ when by cars running on tracks 

f/=l, 2, 3, 4, 5, 6, 7, 8, 10, 12, 14, 16, 20%; 

and 

0=3, 8, 13, 18, 23, 31, 38, 56, 85, 104, 124, 150, 180%. 

In practical work and for rough calculation it is usually as- 
^^ed that the hauling of the materials done by means of wheel- 
'^^rrows on roads having a grade varying from 1 to 8 |xt cent, is 
nine-tenths of w^hat it will be if done on horizontal roads, and 
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with carts and wagons hauled by horses on good roads of the 
same inclination as above eight-tenths. When the hauling is done 
on newly opened roads, without any road-bed or paving and 
with an inclination not greater than 7 per cent., the efficiency 
of the hauling is only eight-tenths of what it will be if done on 
horizontal roads. 

For sake of simplicity and to facilitate the review of the various 
means of hauling materials on horizontal roads, they will be 
divided in regard to the motive power employed and grouped as 
follows: 



Materials 
hauled by 



Animal 
Power. 



Tbr«« / Wheelbarrows. 

^*^ \ Hand-carts. 



( Drag and wheel scrapers. 



Horse < Carts and wagons. 

( Cars on narrow-gauge tracks 

Mechanical f Steam or f Cars on narrow-ffauge tracks 

Power. \ Electricity. . . \ Cars on standaro-gauge tracks* 



Wheelbarrow. — The oldest and the simplest means of hauling 
small quantities of earth to a short distance is by wheelbarrows. 
This implement consists of a wooden box resting on a frame made 
of two inclined beams converging at the front and having between 
their forward ends a small wheel. At the rear end of the box 
there are two short legs, so that the barrow when at rest will 
stand on these three supports. The diverging beams end in the 
shape of handles. There are barrows of different patterns on 
the market, and the best is the one in which the distance apart 
of the center of gravity of the load and the wheel-axle is the smallest 
possible. It would be also convenient to have the wheel of larg^ 
radius, but such a construction would increase the weight of the 
barrow and it is thus advisable to make the radius of the wheel 
between 15^ and 19 ins. The box is arranged in such a way as 
to have the load as near as possible to the front wheel when in 
motion. The unloading of the material from wheelbarrows i& 
easily done. When the dumping place has been reached, the 
laborer raises up the handles so as to throw the weight on the 
front wheel, then with one hand he pushes down one of the handles^ 
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Bdle he raises up the other handle, thus causing the barrow to 
"Bit and unload its contents. 




Fig. 56 represents the wheelbarrow used in Germany of 3 cu. 

ft. capacity. The box is above the hanfiles, and the sides flare 

~ 1 the bottom. Fig. 57 represents the ordinary Americao 

ielbarrow, in which the box is flat like a tray, the diameter 

le wheel is 17 ins,, and the capacity varies from 3 to 5 cu. ft. 




WheetbarrowB are also constructed with the tray of inm, and 

■8 are made entirely of iron, but their great cost is a serious 

*cle to their employment in public works where these vehicles 

/ handled. When they are made of wood they can be 

'S'y repaired by any ordinarj- carpenter, but when made of 



138 



iron the repairing is more expensive, the services of a : 
mechanic being then required. 

Many iniprovements have been lately made to wheolbarrol 
which nre covercii by patents; for instance, the Allen sptt 
barrow, built by C. W. Hunt Company of New York, illustral| 
in Fig. 58. This barrow is provided vniii springs under the b 




inprs of the wheel,, so that it is much easier to handle and r 
over irregularities without violent shocks to either the workman! 
or the load. They are built of different sizes, with a capacitj^ 
varj'ing from 3^ to 8 cu. ft. They are quite exjiensive, theic 
price being from 815.50 to $20. 

The cost of hauling a unit of volume of earth by means of wheel- 
barrows deiiends upon the distance. Assuming that a man witb 
a load can travel 10 miles a day, he will cany loads only half of 
this distance, the other half being employed in returniag with 
the empty barrow. It is evident that the shorter the distance 
the greater will be the number of trips he can make, carrj-ing each 
time 3 cu. ft. of earth; and since the cost of hauling is given by 
the wage of the laljorer, the greater the quantity of earth carried 
in a day the smaller will be the cost of hauling per unit of volume. 
The following table gives tlie number of trij)s and the quantity 
of material carried by a laboRT with wheelbarrow, at I'arious 
distances, also the cost of the work per cubic yard. These figures 
Iiave been deduced by considering a day's work as 10 hours and 
the wage of the laborer, $1.50 per day. 

From this table it is clearly seen that wheelbarrows are veiy 
convenient for small distances, but that this manner of hauliog 
becomes too expensive for distances of 300 ft. or more. 
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Qiuutily of Earth CmriiHl. 
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396 
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12 
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88 


261 


10 


0.150 


3S0 


78 


225 
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1S7 


«>s 


66 
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205 


490 


50 


177 
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800 


S3 


159 


5 fl 


254 



Band-<arts. — It. \a desirable to increase the capacity of the 

vehic^*^ with the increasing of the distance of transportation of 

tlic excavated materials. This is usually done by means of 

haad-c^tfl, which are small carts having a capacity varying from 

K to 10 cu. ft. Tlicy are composed of a wooden frame fixed to a 

latfortQ of the same material and surroundetl by boards forming 

e box and resting on a single pair of wheels 3 or 4 ft. in diameter. 

ii ewitimuition of the frame, at the cent«r of the front of the box 

P>ftere is a sliaft about 5 ft. long ending with a cross-piece. The 

is moved by two men who place themselves behind this cross- 

pi'w anil jiash, To tlump the curt the men turn so as to have the 

fear of (he cart on the edge of the dump, then they remove the rear 

''"ardofthe bo.\ aiul raise up the shaft; the box turning over the 

^tlp nf the wheels takes an inclined position, and the excavated 

^tli it contained falls to the ground. Hand-carts are very 

""""noiily employed in Germany, but very L'eldom if ever in this 

Muntrj- or in England. 

Tlie cost of hauling earth by means of hand-carts is given by 

• Wages of the two laborers. It varies with the distance the 

fsvated materials have to be transported. The following 

e indicates the cost of hauling earth at various distances by 

IS of a hand-cart of 8 cu. ft. capacity, hauled by two men at 

1 per day and traveling with \oaA 12 miles per day of 10 




1 
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iron the repairing is more expensive, the eervicea of a skiS 
mechanic being then required. 

Many improvements liave been lately miwle to wheelbarrt 
whicli are covorcil by patents; for instance, the Allen spi 
barrow, built by C. VC. Hunt Company of New York, illustra 
in Fig. 58. This barrow is providetl with springs under the b< 




ings of the wheel,, so that it is much easier to handle and 
over irregularities without violent shocks to either the woricil 
or the load. They are built of different sizes, with a capacn 
var»-ing from SJ to 8 en. ft. They are quite expensive, ""■^ 
price being from ?1.5.50 to $20. 

Tlie cost of hauling a unit of volume of earth by means of 
barrows depends upon the distance. Assuming tliat a man wS 
a load can travel 10 miles a daj', he will carry loads only half 
this distance, the other half being employed in returning wit 
the empty barrow. It is evident that the shorter the distan( 
the greater will be the number of trips he can make, carrj-ing 
time 3 cu. ft, of earth; and since the cost of hauling is given! 
the wage of the laborer, the greater the quantity of earth 
in a day the smaller will be the cost of h.iuling per unit of volunS 
The following table gives the nimiber of trips and the quantfl 
of material carried by a. [ftl>orer with wheelbarrow, at vanct 
distances, also the cost of the work ()er cubic yard. These figuii 
have been deduced by considering a day's work as 10 hours ai 
the wage of the laborer, $1.50 per day. , 

From this table it is clearly seen that wheelbarrows are 
convenieTit for small distances, but tliat this manner of hai 
becomes too expensive for distances of 300 ft. or more. 
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Number of 
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1 K«t. 


Round Ttiia. 










Cubic F«t. 
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50 
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792 


29.22 
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75 
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■ 400 
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7 3 
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69 


177 
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• ^__ 


53 
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Hand-carts. — It is desirable to increase the capacity of the 

liiclc Willi the increasing of the distance of transportation of 

I escavatetl materials. Tliis is usually done by means of 

id-carts, which are small carts having a capacity varying from 

I to 10 cu. ft. They are composetl of a wooilen frame tixed to a 

itlorm of the same material and surrounded by boards forming 

e bos aiiLl resting on a single pair of wheels 3 or 4 ft. in {liameter. 

h nffltinuation of the frame, at the center of the front of the box 

a shaft about 5 ft. long ending with a cross-piece. The 

rt is moved by twn men who place themselves behind this cros»- 

* and push. To dump the cart the men turn so as to have the 

IT of the cart on the edge of the dump, then they remove the rear 

llofthe Ik)x and raise up the shaft; the box turning over the 

* of the wheels takes an inclined position, ami the excavated 

I it contained falls to the ground. Hand-carts are very 

"""lionly employed in Germany, but very seldom if ever in this 

wiintryor in England. 

Thp cost of hauling earth by means of hand-carts is given by 

we n-ages of the two laborers. It varies with the distance the 

Wcavaled materials have to be transportetl. The following 

e indicates the cait of hauling earth at various distances by 

^if of a hand-cart of H cu. ft. capacity, hauled by two men at 

} per day and traveling with load 12 miles per day of 10 
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DlxuM*. 


tSS^^iifc 






Coat per 
Cubic Vant. 


J«t. 










Cubic Feat. 


Cubic YiutU. 




50 


528 


15S4 


5S.44 


SO 025 


100 


2U 


792 


20.22 
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150 


170 


510 


19 


0.079 


200 


132 
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14.81 


100 


250 
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318 


12 


0.125 
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10 


0.150 
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75 
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4U0 


66 
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205 


450 


59 
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6 .5 


0.23i) 


600 


63 
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254 



id-^arts. — It is desirable to increiuse tfie capacity of the 
t^cli" with tlic increasing of the ilistaiice of transportation of 
i excavateij materials. This is usually done by means of 
tnd-cartSp which are small carts hav-ing a capacity varying from 
7 to 10 eu. ft. They are composeil of a wooden frame fixed to a 
platfiinn of the same material and surrounded by boards forming 
the box and resting on a single pair of wheels 3 or 4 ft. in diameter. 
In continuation of the frame, at the center of the front of the box 
ihire is a shaft about 5 ft. long ending with a cross-piece. The 
mH IE moved by two men who place themselves behind this cross- 
pe« anj push. To dump the cart the men turn so as to have the 
trarof the cart on the edge of the dump, then they remove the rear 
•fsfJofthe box and raise up the shaft; the Imx turning over the 
*»<■ (if the wheels takes an inclined position, and the excavated 
**ftli it contained fall.s to the ground. Hand-carts are very 
^"mmnlj" employed in Germany, but very seldom if ever in this 
MiiiLtry or in England. 

TTie cost of liaulmg earth by means of hand-carts is given by 
™ Wages of the two laborers. It varies with the distance the 
ficavated materials have to be transported. The following 
™'le indicates the cost of hauling earth at various distances by 
"'^WiR of a hand-cart of 8 cu. ft, capacity, hauled by two men at 
•l-aO per day and traveling with load 12 miles per day of 10 
hours-. 




I Fig. JS. This barrow is proviiled willi springs und 




inpR of the wheel,, so that it is much easier to handle am 
(iwr irregularities without violent shocks to either the wo 
or the load. They are built of different sizes, with a cb 
varying from 3J to 8 cu. ft. They are quite expensive 
price being from $15.50 to $20. 

The cost of hauluig a unit of volume of eart.h by means of 
barrows depends upon the distance. As-suming that a ma 
a load can travel 10 miles a day, he will carry loads only 
this distance, the other half being employed in returniai 
the empty barrow. It is eviilent that the shorter the di 
the greater will be the nunilier of trii»3 he cjin make, carr^-ii! 
time 3 cu. ft. of earth; and since the cost of hauling is gi' 
the wage of tl\e laborer, the greater the quantity of earth i 
in a day the smaller will bo the cost of liauiing per unit of v 
The following table gives the luunbcr of trips and the qi 
of material carried by a laborer with wheelbarrow, at i 
distances, also the cost of the work txr cubic yard. These 
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Quantity of Earth Carried. 




Dist^Dce. 


Number of 
Round Trips. 




Cost per 
Cubic Yard. 


Feet. 










Cubic Feet. 


Cubic Yards. 




50 


528 


1584 


58.44 


$0,025 


100 


264 


792 


29.22 


0.050 


150 


170 


510 


19 


0.079 


200 


132 


396 


14.61 


0.100 


250 
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318 


12 


0.125 


300 


88 


264 
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0.150 


350 


75 


225 


8 


0.187 


400 


66 


198 


7.3 


0.205 


450 


59 


177 


6.5 


0.230 


500 


53 


159 
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0.254 



ga^dnrarts. — It is desirable to increase the capacity of the 

vebic^^ with the increasing of the distance of transportation of 

the excavateil materials. This is usually done by means of 

hand-carts, which are small carts having a capacity varying from 

7 to 10 cu. ft. They are composed of a wooden frame fixed to a 

platform of the same material and surrounded by boards forming 

the bo.x and resting on a single pair of wheels 3 or 4 ft. in diameter. 

In continuation of the frame, at the center of the front of the box 

there is a shaft about 5 ft. long ending with a cross-piece. The 

cart is moved by two men who place themselves behind this cross- 

piece and push. To dump the cart the men turn so as to have the 

^^^ of the cart on the edge of the dump, then they remove the rear 

"Wd of the box and raise up the shaft; the box turning over the 

^^ of the w^heels takes an inclined position, and the excavated 

^h it contained falls to the ground. Hand-carts are very 

^^monly employed in Germany, but very seldom if ever in this 

^untry or in England. 

The cost of hauling earth by means of hand-carts is given by 

"^ Wages of the two laborers. It varies with the distance the 

excavated materials have to be transported. The following 

^^le indicates the cost of hauling earth at various distances l)y 

'^^^ns of a hand-cart of 8 cu. ft. capacity, hauled by two men at 

"•So per day and traveling with load 12 miles per day of 10 
hours. 
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iron the repairing is more expensive, the services of a skilled 
mechanic being then required. 

Many improvements Imve been lately made to wheelbarrows 
which are covered by patents; for instance, the Allen spring 
barrow, built by C. \V. Hunt Company of New York, illustrated 
in Fig. 58. This barrow is provided with sprii^ under the bear- 




ings of the wheel,, so that it is much easier to handle and runs 
over irregularities without violent shocks to either the workman 
or the loaii. They are built of different sizes, with a capacity 
varj'ing from SJ to 8 cu. ft. They are quite expensive, their 
price being from S15,50 to $20. 

The cost of hauling a unit of volume of earth by means of wheel- 
barrows depends upon the distance. Assuming that a man with 
a load can travel 10 miles a daj, he will carry loads only half of 
this distance, the other half being employed in returning with 
the empty barrow. It is evident that the shorter the distance 
the greater will be the number of tri|>a he can make, carrying each 
time 3 cu. ft. of earth; and since the cost of hauling is given by 
the wage of the laborer, tlie greater the quantity of earth carried 
in a day the smaller will be the cost of hauling per unit of volume. 
The following table gives the number of trips and the quantity 
of material carried by a lalxirer with wheelbarrow, at \'ariou9 
<liatances, also the cost of the work j^er cubic yard. These figures 
have l)een deduced by considering a day's work as 10 hours and 
the wage of the laborer, $1.50 per day. 

From this table it is clearly seen that wheelbarrows are veiy 
convenient for small distances, but that this manner of hauling 
becomes too expensive for distances of 300 ft. or more. 
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Hand-carts. — It is desirable to increase the capacity of the 
vehicle with the increasing of the distance of transportation of 
the excavated materials. This is usually done by means of 
hand-carts, which are small carts having a capacity varying from 
7 to 10 cu. ft. They are composed of a wooden frame fixed to a 
platform of the same material and surrounded by boards forming 
the box and resting on a single pair of wheels 3 or 4 ft. in diameter. 
In continuation of the frame, at the center of the front of the box 
there is a shaft about 5 ft. long ending with a cross-piece. The 
cart is moved by two men who place themselves behind this cross- 
piece and push. To dump the cart the men turn so as to have the 
rear of the cart on the edge of the dump, then they remove the rear 
board of the box and raise up the shaft; the box turning over the 
axle of the wheels takes an inclined position, and the excavated 
earth it contained falls to the ground. Hand-carts are very 
commonly employed in Germany, but very seldom if ever in this 
country or in England. 

The cost of hauling earth by means of hand-carts is given by 
the wages of the two laborers. It varies with the distance the 
excavated materials have to be transporknl. The following 
table indicates the cost of hauling earth at various distances by 
means of a hand-cart of 8 cu. ft. capacity, haul(Ml by two men at 
$1.50 per day and traveling with load 12 miles per day of 10 
hours: 
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Quuilitr of Eulb CwTied in ■ Duf. 




Di.Unce. 
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Cubic F»l. 


Cub»Y«A. 
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Drag Scrapers. — Another means of hauling away earth which 
has bepn already removetl front its natural position b by drag 
scrapers (Figs, 59-61). These consist of a box made up of smooth 
sheet steel open on the front, wliere it is proviiied with a sharp 
cutting edge. Near tUe front and pivoted to the two sides of the 





Fia. 59. 



Fig. 61. 



box there is a steel bail in the shape of an inverted U, furnished 
with an eye in the center to which the horses are hitched. At the 
rear end the box is provided with two wooden handles for the 
filling and dumping the scraper. Each drag scraper requires a 
team of two horses, with a driver who operates the scraper. To 
fill the box the driver raises up tlie handles to a small angle so that 
the cutting edge penetrates the earth, and the scoop is filled with 
the dirt while the horses are moving. He then drops the handles. 
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il ihc loiulod scoop is tlraggetl along the grount!. When the 
iluiii|>ing place has been reached the ojierator raises up the handles 
iiHiil tlie front edge engages the soil, anfl the scoop rotates around 
tht! pivuls of the bail and the loat! falls onto the ground. 

The two parts of the scraper subjectei.! to great wear are the 
I'Htmn and the sharp edge. The bottom of the scrat>pr especially, 
being dragged on the ground, is very soon worn out, and to prevent 
this it is reinforced either by runners placed longitudinally, as 
iiidirat^il in Fig. 59, or by an extra flat steel bottom, as shown in 
'ig' 60, which niay be removed and changed when worn. The 
suiting edge, especially wlien working through gravel, hard-pan, 
sic,, is also easily ruined, and it ia better to have it raaxle inter- 
" " eable. 

' capacity of drag scrapers varies from 4i to 51 cu, ft. 
■ very efficient in the excavation of earth not deeper 
jr 3 ft. and where the materials have to be hauled to a 
e not greater than 200 ft. 

; scrapers can be conailered as self-loading and dumping 
, and they are used in hauling away materials which have 
n broken up by means of a plow. It is in connection with 
s anil for short hauls that these means of transportation are 
t efficient. 

he cost of hauling by means of drag scrapers is easily calcu- 
; it depends upon the distance of the haul. The only expen-ses 
he hiring of the team and the wage of the tlriver, the interest 
pllie capital invested in the scraper, as well as its sinking fund, b(nng 
1 to be taken into consideration. The cost of hiring the 
mia^wutSS, while the driver gets $1.50 a day, so that the total 
i will amount to $6.50 per day. Since the driver must 
k continuously, it is considered that the horses will drive 15 
The capacity of the scraper being on the average 5 cu. ft.. 
* number of trips, including also the return for loading, and the 
't per umt volume are given in the following table: 
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Distance. 


Number of 


Cubic Yards 


Cost of Haul- 


Feet. 


Trips. 


Haule<l per 


ins One 






Day. 


Cubic Yard. 
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400 
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400 
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500 
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0.43 
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Wheeled Scrapers. — Wheeled scrapers are more convenient 
than drag scrapers for conveying materials. These consist of a 
box or pan made of one piece of sheet steel bent without heating. 
Their dimensions are 3X3 ft.XlS ins. deep, and when full contain 
from J to i cu. yd. The box, as in the drag scraper, is open in front 
and can be raised and lowered, and also revolved around a horizontal 
axis by means of a lever. The wheels are 36 ins. in diameter and 
are provided with broad tires to prevent them from sinking into 
the loose earth. 

To fill the box while the horses are moving and dragging the 
machine forward the driver pulls up the lever, and the pan hits 
the ground at a small angle which is regulated automatically. 
The edge of the pan scrapes the soil, and the box is filled with 
earth; then the driver pulls down the lever, and the pan is raised 
about 1 ft. from the ground, and in this position it travels. When 
the dumping place has been reached the driver pulls up the lever, 
the front edge of the pan engages the earth, and the box turns 
around its axis, thus unloading its contents. Wheeled scrapers, 
consequ(*ntly, can be considered as self-loading and dumping cars. 

Wlieeled scrapers of different forms are found on the market. 
Notwithstanding they are built by different manufacturers and 
are all covered by patents, they are all similar in the essential 
parts and vary only in details, as, for instance, levers, attach- 
ments, latch(\s, special arrangements for unloading, etc. Fig. 62 
repres(»nts one of the wheeled scrapers built by the Western Wheeled 
Scraper Company, of Aurora, 111. 

Wlieeled scraix>rs are made of different sizes, their capacity 
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\-ar\-iiig from 9 to 14 cu. ft. Tlie smaller machines require a team 
of two bor?es. with n driver who hamllcs the lever and regulatea 
the work of the scraper; the larger ones require another man 
Ix-sides the driver. The smaller sizes will remove the earth 
cheaper, on a short haul, than the drag scraper, while the larger 
siees are convenient for long liauls. These means of transporta- 
tion are \'erj' convenient in excavations whicii are not deeper 
than 3 or 4 ft., as, for instance, in preparing the work for more 




Fig. 6'2- 



^^^on-orful machines or removing the earth above rock whicli has 
to be bhisted. In the excavation of the Chicago Drainage Canal 
wheeled scrapers were extensively used, and they hauled up to 
. yds. ]ier day. 
The efficiency of the work, however, depends upon the size of 
:• scoop and the distance to which the material is to be hauled, 
the following table are given the qimntity of the material 
iRuled by wheeletl scrapers of 9 and 14 cu. ft. capacity, and the 
I6l for the various distances. The prices are calculated on the 
tt^is of those paid in New Yfirk, and when the work is cfone in 
• countr>' the prices given should be reduced at lea.st one-third. 
From this table it is seen tliat the cost of hauling material by 
teans of wheeled scrapers increases with the di'^tanoc, and even when 
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nnluced one-third the prices given remain high. To remedy this 
the Western Wheeled Scraper Company put on the market a ma- 
diine which was a combination of scraper and wagon. Tliis machine 
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300 
400 
500 
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0.240 
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370 
0,400 
0.44 
0.50 


•0.077 
0.114 
115 
193 
0.234 
276 
311 
366 
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eonsistoi of two wheeled scrapers of large capacity carript! un a 
frame supported by four wheels. The two scrapers were o]terati'd 
independently from one another; the front pan was loaded first 
and was raised to its place, the second pan was then lowered and 
loaded and raised. Since the two puns had together a capacity of 
H cu. yda., they re(iuired from two to three horses to pull them. 





i 



Fig. 63. ]■[,), M 

But these machines have not met witli -iicrr<^ sjnci- il^.i,- con- 
struction has hceu discontinued. 

Another but simpler machine which foimii great favor with 
contractors, esi>ecially in handling the earth that might be dumped 
to a distant point, is the one illustrated in Figs, 63 and 64. Tliis 
s of an ordinary wheeled scrajier of large capacity, the onlv 
difference being that it is ])rovideii with a front scoop closing the 
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pan of the scraper and firmly retaining its contents. In this 
manner the earth loaded into the scraper will be carried to the 
dumping place without spreading it all over the road, as usually 
happens with the ordinary' scrapers. The front scoop is fixed and 
engages the scraper when it is raised and loaded. Fig. 63 shows the 
machine closed, while Fig. 64 shows the machine when the scrap(»r 
is lowered and ready to be loaded. Such a wheeled scraper can 
be considered as a self-loading and dumping cart, and it is certainly 
vm- convenient, since it eliminates two exjx^nsive items entering 
into the cost of the earthworks, viz., the loading and unloading of 
the earth into the carts. 

Carts and Wagons. — The transportation of excavated mate- 
rials to a great distance is usually done by larger vehicles hauled 
by horses. These vehicles vary greatly, but are either carts or 
wagons, a distinction which is made according to the number of 
wheels. Thcv are called carts when ])rovided with onlv two 
wheels of large dimensions, while those provided with four wheels 
■-two small ones in front and two larger ones behind — are called 
wagons. Both carts and wagons can be divided again into ordi- 
^^0' and self-dumping, according to whether the material is 
unloaded by hand or dumped- automatically. 

Carts. — Ordinary carts, called also equilibrium carts, are very 

^larto the hand-carts described above, with the difference that 

^l^y are of larger dimensions. They consist of two large wheels, 

^^ni 5 to 6 ft. in diameter, and a box firmlv fixed to the axle of 

^he wheels and provided with two sliafts to wliich th'» horse is 

hitched. The capacity of the cart varies from 20 cu. ft. to 1 cu. 

J'^'- It affords a verj'' convenient nicMins of transportation on 

^^'^Is having even an inclination of 8 per cent. To unload the 

^^rt, usually the driver detaches the liors(^ and pulls up the* shafts, 

^^<1 the cart revolving around its axle causes the material to fall 
off. 

Dump-carts. — Very similar to ordinary carts are those 
^^^ich dump the materials without bein*:; (;()in|x41ed to unhitch 
^he horse. These carts are commonly known as dunip-carls, and 
^ constructed of different materials and shap(^s. The one illus- 
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trated in Fig. 65 lias the shafts fixed to the axle of the wheels, and 
the box is provideii with two supports at its bottom and upon 
wliich it rpsts, and may revolve aroimd the axle. The body of 
the cart is kept in .1 horizontal jmsition by means of two spurs 
projecting at the front; the shafts are provided with two eyes 




through whicOi passes an iron or wooden bar, for keeping the 
spurs of the box flush with (.he shafts. To unlomi the cart this 
bar is removed, and since the center of gravity is just a Httle at 
the rear of the axle, a simple push by tlie driver will rotate the 
box around the axle, imd the material will fall from the rear end, 
the end-boari! liaving been previously removed. Dump-carts 
are also made of iron, as, for instance, the Hill dump-cart, repre- 
sented in Fig. G6, which is extensively used in the city of New 




Fig. 66. 



York. The high prices charged for these new and patente<l dump- 
carts prevent their extensive use in the hauUng of the earth 
excavated for engineering purposes. 
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Ordinaiy Wagons.- — The strenglli of iiiiiuiiils is nifirt' coii- 
«'nicnliy utilizcil when tlicy nrv working in teams, as will \ie. seen 
IsUt on, and in such cases the materials are carried away by 
iiipiiiis of wagons. These consist of a four-wlieeleii truck matle 
u[i (if heavy beams with a jilatform nurroumled by boanls so as 
to fomi a box in which ihi- materials arc deposited. The front 
vMi an' of smaller diameter and their axle is pivoted to the 
(ranif of liip tnick so that these wlieels may go under the plat- 
form and tlie wagon turn in a small circle. Attached to the 
1^ of the front wheels tliere is a shaft to wliicli the horses are 
liitched. This ordinary wagon does not afford tlie most con- 
venient way (»f carting excavated materials, because the earth 
must be unloaded by hand, and this exi>ensivc item «-ill tend to 
giMtly increase the ctst of hauling on account of the labor and 
time required. 

Dumping-wagoDs, — Dumping-wagons are more convenient, 
wi\ consequently more commonly employed in the traasporta- 
tinn of materials in public works. These are similar to ordinary 
Villus, with the difference that they are provided with some 
UTanjpnient which will allow the dumping of its contents. There 
*"' ntunerous ilumping wagons on the market, many of them 
stilj covered by patents, but those employed in the hauling of 
^h can be grouped as wagons in which the bottom is removed 
^■"l the materials fall between the wheels, or in which the plat- 
'i>nn of the vehicle slides on the truck and the material is dumped 
Irmii the rear end of the wagim. 
Tlip simplest form of dumping-wagoas of the first group, in 
Mh the bottom of the platform is removed and the material 
8 between the wheels, consists of an ordinary wagon in which 
tform is composed of several s(]uare-edged beams with 
1 projecting ends. They are gener:dly 4X4 in.s., and are 
i close together and resting on the frame of the wagon, 
ti the driver wants to unloail the wagon he pulls out one of 
' beams. All the others then become loose and the whole 
1 may be easily removed, and the material will of course 
" "u the grouiKl and lietween the wheels. Tliis form of wagon, 
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aJthough commonly used in the Higlnvay Department of the city 
of New York, is not advisable on public works on account of the 
great length of time required in unloading, and this is perhaps 
the reason why it was deemed deshable by the New York politicians. 
More convenient than the wagon just described, but of the 
samp type is the contractor's dump-wagon illustrated in Fig. 67. 
The wagon is so constructed that the front wlieels may pass under- 
neath the body of tlie truck, thus allowing the wagon to turn in 
a small circle. The platform is made up of two parts joined at 
the middle, but hinged to the sides of the wagon in such a manner 




that they may be o|>ened and closed as the leaves of a door. Tlie 
opening and closing of the bottom is accomplished by means of 
chains passing over gears at the sides of the frame and regulated 
by a sprocket-wheel moved by a lever located near the driver's 
seat. By pulling the lever the chains loosen and the two parts 
forming the bottom of the wagon are opened and the contained 
material falls between the wheels. When the wagon is emptied, 
the driver by reversing the lever causes the closing of the bottom, 
and the wagon is in position to be again loaded with earth. Tlie 
opening and closing of the wagon, and consequently the dumping 
operation, can be made without any inconvenience and while 
the horses are moving, so that not a single instant is lost for the 
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ling o£ the wagon. It is no wonder that this kind of wagon 
ftith the greatest success, and that they are extensively 
miploypd in public woi^ for the tr^isportation of materials. 

Bumping-wagona of this tj-pe arc found in great numbers on 
the market; they are all built o[i the same principle, but vary in 
details. The ilifferences chiefly consist in the arrangement of the 
chains fnr the opening and closing of the bottom of the wagon. 
in the coastruclion and arrangement of the sprocket-wheels and 
guidiiig-i»lieaves, in the lever, etc. These details, however, are 
too insignificant to be considered in a book like this, where only 
Uie \m<ym types of machines and implements used by engineers and 
contractors are briefly described. 

A (Merent type of dumping-wagon is the one in which the 
box msts oa a truck which is provideci with a platform. This 
ia a little inclined toward the rear and is furnished with iron banils 
w «s to ofTer a smooth surface to the box in sliding. To further 
'Militate the sliding the lower part of the box is provided with 
fon rollers. During the transportation, while the wagon is 
Iwilai, the box is fixed to the front of the truck by means of 
mvj iron hooks. To imload the wagon the driver releases the 
'""i from the truck by disengaging the hooks, and the box slides 
"■"Jgtlie iron guides and turns arountl the hind edge of the truck 
""'' assumes the position indicated in Fig. 68. 




The dumnine of the material from these wagons, while it does 

Cvill take up some time, since it is necessary 
p driver has to loosen the box, and when 
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empty it must be raised up and fastened again to the truck. There 
is no doubt that a great deal of time will be necessary for these 
various operations, and for this reason these wagons are not so 
convenient for the transportation of excavated earth as the con- 
tractor's dump-wagons arc; but they are more commonly em- 
ployed in the transportation of building materials, as bricks, sand, 
building stones, etc. 

There is still another type of dumping-wagons, in which the 
box Ls fixed to the truck during the hauling, but is so arranged 
that it may rotate around an axis. A new dumping-wagon re- 




cently patented and built by the Shadbolt Manufacturing Company 
of Brooklyn, and extensively used in the construction of the \ew 
York Rapitl Transit Subway, is designed on this principle. The body 
of the wagon {Fig. 69) is balanced on the rear springs so that it is 
easily tilted without the use of any special mechanism, the springs 
resting on a bar across the frame. The sockets in which this bar 
turns are set in the frame sides at a point in front of the rear axle 
just sufficient to throw part of the load on the front axle, thereby 
bringing the center of gravity about 1 ft. back of a certain point 
between the axles, which practice has shown to be the best dis- 
tribution of load to secure the easiest draught with wheels of the 
relative height of those in common use. A chain is attached 
to the front end of the car, and passes under the front axle, re- 
lieving the strain caused by the act of dumping, the front springs 
ser\-ing as cushions. The chain can be shortened or lengthened 
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t ttill. thereby determining the angle at which the wagon must 
f tilted, according to the different conditions that govern the 
fipenition, such as the nature of the load, the site where it Is to 
be tiunijied, etc. 

The capacity of carts is about 1 cu. yd., while that of wagons 
%-arif3 between H and 2 cu. yds. For the reason explained at 
. 2S1. ill hauling earth, wagons should alwajs be preferreil to 
ins, ml the type of vehicle selected should be auch as will do 
worii at the smallest cost. 

li! calculating the cost of hauling by carts and wagons the fol- 

ffiug items should be considered: (1) The daily wages for team 

ll tirirer. including also the hiring of the cart; (2) the time 

Bjuird for loading; (3) the distance of hauling; (4) the time 

equireil for imloading the car and (5) the time employei.1 on the 

ri trip. Comparing tliese various itt^ms with the numlier of 

s that a t^'am may travel in a day and with the number of 

till trips that can be made in a da\', the cost of hauling a unit 

_Jf Volume of material to a given distance will be easily found. 

A« a rule it is as.sumed that the transportation of the exca\'ated 

Dateriala by means of carts and wagons is not convenient for 

' ilistaiiees greater than a mile. 

Assuming the cost of hiring a horse and cart, the wages of the 
•liiw being included, to be $3.50 per day, and that of hiring a 
^^m of horses with wagon anil driver to he. $5, and the capacit v of 
^MBrart be 1 cu, yd. and that of the wagon 2 cu. yds,, and that a 
^H^ horse with a cart may travel 15 miles per day while the team 
^^loreps hitched to the wagon will travel 20 miles; the cost of 
fwuling the unit of volume of earth at the various tUstanees will be as 
pveu ill tlie following table. 

hauling of the stones, obtained from the exca\'ation3 
I rock, is usually done by means of onlinary carta and 
IS just describetl. To easily load the stones into these vehicles 
iincceasary to break them into small fragments, and this becomes 
B expensive item when the rock is removed from its natural bed 
r means of blasting, in which large stones are detached from 
"SlKiTik. To haul away these large stones by means of nitlinary 
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One Horse and Cart. 


Two Horses and Wagon. 


Distances 
in Feet. 


Number of 
Round Trips. 


Quantity of 

Earth 
Hauled per 
Cubic Yard. 


Cost per 
Cubic Yard. 


Number of 
Round Trips. 


Quantity of 

Earth 
Hauled per 
Cubic Yard. 


Cost per 
Cubic Yard. 


500 


79 


79 


$0,044 


105 


210 


$0,024 


1.000 


40 


40 


0.087 


53 


106 


0.047 


1,500 


26 


26 


0.134 


35 


70 


0.072 


2,000 


20 


20 


0.174 


26 


52 


0.094 


2.500 


16 


16 


0.22 


21 


42 


0.12 


3,000 


13 


13 


0.268 


17 


34 


0.15 


4.000 


10 


10 


0.34S 


13 


26 


0.188 


5.000 


8 


8 


0.445 


10 


20 


0.25 


6,000 


7 


7 


0.500 


8 


16 


0.31 


7,000 


6 


6 


0.5S3 


7 


14 


0.36 


8,000 


5 


5 


0.696 


6 


12 


0.41 


9,000 


4 


4 


0.890 


5 


10 


0.50 


10.000 


3 


3 


1.166 


4 


8 


0.62 



carts and wagons presents a serious difficulty, not so much in 
regard to loading the stones into the carts as in dumping them. 
Here, if the vehicle is self-dumping, the sudden strain produced 
by the fall of such a heavy stone will seriously affect the delicate 
parts of the carts — otherwise it will require a long time and the 
employment of several men to eflfect the unloading of the larger 
stones of 1, 2, and 2^ tons each. To avoid this inconvenience 
special cars are constructed. 

In small excavations, especially in country works, one of the 
most convenient vehicles for hauling large stones is the stone-boat. 
This consists of three heavy boards made of hard, smooth-grained 
wood, held together by means of two crosspieces at the ends, 
strongly nailed or bolted, and provided with an iron hook in front, 
to which the beam is hitched, as indicated in Fig. 70. On this 
very heavy stones can be easily loaded with crowbars or hand- 
levers. 

The stone-boat slides easily even in the softest ground and 
in some cases it may be found convenient even for hauling earth, 
especially when the ground is too soft for wagons or wheels of 
any kind. WTien the stone-boat is used for carrymg the earth, 
one or two strips of board may be nailed on the edges. This cart is 
easilv loaded, since the shovelers do not have to raise the material, 
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as in ordinary carts and wagons, and in many cases earth can be 
hauled cheaper in this way than in any other. The slone-boat 




r'fllustrated in the figure is the one built by G. C. Pollard of Brook- 
lyn, N. Y. 

Tlie stone-boat cannot be employed in case the stones have to be 
hauled on paved roads, especially along the city streets, and then 
a specially constructed wagon is usually employed. This consists 
I of a four-wheel truck in which the front and rear wheels are sepa- 
Inted. The platform of the car is made up of hea\'y planks rein- 
tlbrped with iron bands; and it is very low, l>eing, as a rule, not 
I more than 1 ft. from the ground. The axle of the rear wheels is 
f '«bo\'e the plane of the platform, and to protect it from twisting under 
ght of a large stone concentrated only at one point, there is a 
jden incline arranged in the manner clearly indicated in Fig. 71. 




S center plank of the platform is longer, and its extreme is pro- 
i with a hook which engages a chain firmly fixed in some way 
> the axle of the front wheels of the truck. Such an arrangement 
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permits the car to turn even on sharp curves. The advantage of 
these cars is that thev can be easilv loaded and unloaded. The 
platform is so low that even large stones can be easily placed 
there by means of levers and without the necessity of having cranes 
or derricks. The operation of unloading the car is very simple; 
a crowbar is applied as a lever imder the sides of the platform 
of the car, so that it is raised up just a little, but enough to disengage 
the chain from the hook; the front wheels are thus separated from 
the car, and the platform, deprived of one support, will form now 
an inclined plane, along which the large stones may easily descend. 
Fig. 71 illustrates one of these cars as conunonly employed in 
the city of New York. 
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HArUSG EXCAVATED M.\TERLU^ ON' HORIZONTAL ROADS. 

The roacis used to haul the excavated materials for earthworks 
are geneiully mthout pa\"mg, and consequently their surface, 
being of vep,' loose material, offers great resistance to traction. 
Hi-nw Id works of some magnitude and when the grade is not 
greaier than 3 per cent,, the hauling is more conveniently done 
by cars punning on temporary tracks, or by means of so-called 
indiiilrial railway.'^. Industrial railways were inventeil by Decau- 
itIIp of Petit Bourg, France, and are now built by different firms 
all "wr the world, as, for instance, by Legrand of Mons, Belgium; 
Artlmr Koppel of Berlin; Kerr. Stuart & Co., Ltd., England, and 
in America by C. W. Hunt Company of New York; SteuVmer of 
l>Hig Island City, N. Y.; Ryan & McDonald of Baltimore, and 
niany others. 

To begin with the tracks: they generally vary in form and 
nuwnsions, depending upon the loati that they have to. carry. 
ThoBp built in this country are of the usual .\mericaji standard 
f^ *etion of small dimensions, varj-ing usually from 12 to 20 lbs. 
fff lineal yard. The smaller sizes are employed to support light 
"Siisnot more than GOOO lbs., whilst th*' larger can support cars 
Iw^ecl with 15,000 lbs. The two rails are riveted to steel crosa- 
'*". nnii the truck is roaile in sec- 
timw varj'ing from 16 to 20 ft. in 
'"Sill. One end of each section is 

I Piwiiied with fish-plates, one end 

I "f «-hich is riveted to the rails, 

L ''wist the other projects and is 

fcf""*'! to the succeeding section of track. 
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end of one rail with the attached fish-plates, ready to receive 
the sucweding section; and Fig. 73 iiiustrates one section of 
track as nianufactureti by Arthur Koppel of Berlin. Similar 
sections are made in curves of 12-ft. radius or more, and are cod- 




Fig. 73. 



rit'ct^H.! to the straight line by means of fish-plates, as described 
nl>o\-e. 

The gauge of industrial railways generally varies from 20 
to 24 ins., and these gauges have been found convenient. Tlie 
gauge has not a great influence ui>on the load to be carried on 
the rails, since heavy weights can be easily hauled on narrow- 
gauge track.? provided the rails are .strfing enough to stand the 
pressure. The total weight of a straight . section, \vith 12-lb, 
rails and 20-in. gauge, complete with its cross-ties, is about 28 lbs. 
]X'r lineal yard, while the -^veight of the same section, with rails 
of 24-in. gauge, is 28i lbs. per yaRl. One section being from 
16 to 20 ft. long, its weight will vary bet\veen 112 lbs. for a section 
10 ft, long, 20-iii. gauge, and 12-lb. rail, and 380 lbs. for a 20-ft. 
Hcetion with 24-in. gauge and 20-lb. rails. These are loads which 
may be easily taken up and transferred by two men. 

The cross-ties of iniiustrial railways are of steel, and are u-sii- 
ally nuule of a convex form, so that the earth mil be compresseil 
underneath, thus forming a kind of incompressible cushion which 
will prevent the sinking of the track under the loarl. In Fig. 74 
,i8 sho\vn the cross-section of a cross-tie built by .\rthur Kappel 
of Berlin. Tlie cross-ties are generally constructed with a lai^- 
bearing surface on the foundation, to support the load; this area 
in proportion to the load is nearly double that of the onlinarv- 
railroatl cross-tie, They are placed about 3 ft. apart, center to 
center, and there is one cro3*-tie near the end of each section, so 
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■thnt when the line is placed on the grmiml and ready for service 
Vthe cross-ties are not equally ppari>tt. Iml atc cluser near the joints 




iof the rails. Cross-tief are usually pro\'iiled with two or three 

rholes, so that they may be nailed to planks laid underneath in 

order In incn'ase their bearing, thus niakmg still niore difTlcult 




■the sinking of the tracks under tlie load, and this is generally 

p when the ground is very loose and wet. Tiie rails are firmly 

riveteil to the cross-ties, but in some cases, for con\-eniei)ce of 
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shipping and to avoid high duties in importing these industrial 
raiKvaj-s into other countries, tlie cross-ties are detached and 
provided with clips which will firmly hold in place the lower 
Bange of the rail. 

Industrial railways like onlinary railroa^la are provided with 
switches. These are usually arranged with a special rail on a 
cun'e of I2-ft. nuiius and riveted up solid to the cross-ties, having 
the switch-points and frog complete. Switches are made to 
match the portable tracks, and are supplied either with a right 
or a left curve as in Fig. 75. There are also three-way switches, 
as indicate^l in the same figure. Tlie switch-point consists of a 
tongue, which may be mo^■ell around a pivot. The points are 
usually moved by the workmen, but with heavier rails, and wlien 
the railway is to be used for a long time, a switch-stand mounted 
on Bteel sleepers is employed, and these are built to match any 
line. 

In connection ^\-ith industrial railways there are also turn- 
tables in order to allow the cars to change direction at right angles 
to the line. These consist of two circular steel plates, tlie lower 
one having a gri:ioved ring in which are placed balls matle of hanl- 
ened steel acting as rollers, and kept in place by a small groove 
underneath the upper plate. A center pivot keeps the two plates 
concentric, and while the lowrt' plat* is fixed to the ground the 
upper one may revolve aroun<i lliis central pivot. On the upper 
plate are inserted pieces of steel rails 
at right angles, and in the manner indi- 
cated in Fig. 7C. The turntable is 
■ ~r~^giv — 7""'^~~'ailfc 1 ^"™Pt''"*'s provided with brakes to keep 
LT^!^^?!*^^^^^-, ■ I the upper plate fixed to the right place, 
^"^^— -•' ' - - - . j^ -^^^' ' and then the lower plate is provided 
^«- 78. with slots to receive the brake which 

is attached to the upper plate. The platform of the turntable 
is sometimes made of wood, but in any case the ring containing 
the balls acting as rollers, as well aa the casing of the pivot, are 
al^vays made of steel. 

The cars designed by Decauville for industria' railways were 
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^^■uilt <if iron and steel, and in the form known in this country as 
^^ipimre/ These consist of an iron truck with st^el-flanged wheels 
of aboul 18 ins. diameter fixed to axles, which arc attached to 
the frame of the truck by means of box-shaped axles — boxes some- 
limes provided with springs. At both ends of the truck there 
are two trusses for the support of the bo<ly of the car. These 
are maiie of sieel and are supported on four pivots, two on each 
emi resiinf; on the trusses and so arranged as to have the center 
"t gravity of the car, when loaded, just a little above the plane of 
the pivots and between them. Such a construction, while it 
ptpvenls the o\'ertuming of the cars during the hauling, allows 
them to be easily imloa*led by tipping, hence the name of tiji- 
«arg. The efforts of any ordinary workman will cause the body 
( the car tci turn over a pair of pivots, and it will assume then 




* position indicated in F%. 77. and the material will automntic- 
ff tlescend by gravity on account of the peculiar shajje of the 
;3. 77 and 78 represent staiwling and unloatled tip-cars 
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for industrial railways as built by G. L, Stuebner of Long Island 
City, which are very similar to those built by Decauville. ' 

All tip-ears are constructed on the same principle, but with 
different arrangements for the support of the body of the ears 
and for unloa4.ling; these are covered by patents controUed by 
the various manufacturers. The capacity of the cars varies 
from 12 to 45 cu. ft., but cars of 1 cu. yd. capacity are the most 
convenient for ordinary excavations. The height of the body 
of the car is so arrangeii as to recjuire the smallest effort in loading 




it, and to allow the easy projjulsion of the car either by hand or 
by other motive power. Attaclied to the frames of the trucks there 
arft bumpers, chains, and hooks in order that several cars may be 
formed into trains. Some cars must be also provided with hand- 
brakes which are placed on a small platform on the rear of one of 
the trusses supporting the body of the car. 

Side-dumping tii>-cars are most commonly employed, but cars 
are also constructed which dump at the front and back. These 
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wp sjiuilar to the aidc-tlumpiiig cars described above, the only 
iliffdi-ncp Iwing that the frames suppfirting the body of the car, 
uisteatl uf U'inj? placed at the front aiid rear end of the truck, are 
Iiicrtiwi aiong its two sides. Tip-cars are used for carrying earth or 
fluws, but in case larger stones are to be carried platform cars as 
iuiiirated in Fig. 79 are founil to be more convenient. 

TIk' advantage of inthistrial railways is that they may be 
'^'■'atcd by aay motive power, either aiiiniul or mechanical. The 
<i>i.i! p^istance of an onUniirv lip-far h:iiil(i| mi it h'lriKontal 




H 



acl pail Ix^ assumed at 15 lbs. per ton and the resistance increases 
tVie ratio of 4 lbs. per ■^■'m. grade per foot. Industrial railways, 
though laid on horizontal roads, on account of the undulation-s 
f the road-bed can be considere<l as laid on J-in, grade and then 
le tnlal resistance of a tip-car will be 35 lbs. per ton. The ordinary 
ft|>acily of these tip-cars varying between 20 and 45 cu. ft., the 
t>tal weight of their loads will vary from 2000 to 4500 lbs. and 
be resifltanee to traction will therefore vary from 29.16 to 65.6 lbs. 
btice the weight that any ordinary laborer can support walking 
ft. per second can be considered as varying from 50 to 60 lbs., it 
' easily seen that any laborer can move a loaded tip-car, especially 
^ U is not <rf the laigest dimensions. 
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The working power of a horse is considered as five times greater 
than that of a man, and consequently a single horse can easily 
haul a train composed of not less than five tip-cars and even a 
greater number, according to their capacity, Horses employed 
as motive power on industrial railways give efficient results for 
distances not greater than 1 mile; for greater distances, however, 
the employment of a small locomotive is found to be more eco- 
nomical. 

Industrial railways should form an essential part of any con- 
tractor's plant. The writer has hail the opportunity to employ 
them several times, and in different countries and under entirely 
different circumstances they have always given most satisfactory 
results. From liis own experience the writer can certify that 
industrial railways afford a most economical means of transportation 
for excavated materials within about 1-miIe distances. 

In the transportation of excavated materials, narrow-gauge 
railways are more commonly employed than the industrial railways 
just described. This is chiefly due to the adaptability of these 
roads to any locality and all distances and also because the trains 
may be hauled either by horses or by steam-locomotives. In 
general, these roads are convenient for the transportation of not 
less than 20,000 cu. yils. of earth and the trains can be advanta- 
geously hauled by horses to a distance of 3000 ft., but for longer 
distances steam-locomotives will give better results. These limits, 
however, do not apply to every case, but give in a general way an 
idea of the limitations of the various methotls of hauling. All 
the particular conditions of the work and locality should be accu- 
rately examined before deciding upon the most convenient road 
and method of hauling to be used. 

The road of narrow-gauge railways temporarily built for the 
transportation of the material consists of light rails of from 16 to 
24 lbs. per yard, fixed to the ties by means of iron spikes just as 
in ordinar>' railroails. The various sections of rails are made 
continuous by means of fish-plate joints. According to the 
traffic and also the cars at hand, the gauge of the track is usually 
made 2, 2^, or 3 ft. The ties are made of square timbers 6X6 ins. 
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and 5 ft. long and they are spaced about 2 ft. center to center. 
The road is provided with curves, switches, turnouts, crossings, 
etc., just as any ordinary railroad would be. 

It is necessary, however, to remark that in earthworks the 
narrow-gauge road being constructed either on top of the newly 
built embankment or on the bottom of the pits or trenches is 
liable to settle imder the weight of the traffic, and consequently 
it will be necessary to have a special gang exclusively employed 
in maintaining it. The construction of the road is very expensive 
when compared with industrial railways. As a rule it can be 
assumed that it will take twenty days' work for a man to build 
one mile of narrow-gauge road, so that the cost per mile will 
be $30. At least two men per mile should be employed for 
repairing, and this will cost $3 per day per mile of road. 

As a rule, the cars employed on these roads are self-dumping. 
The cars can be divided into two groups, according to the manner 
in which they are dumped, whether on one side or on all sides. 
Whatever their form may be they are always composed of a four- 
wheeled truck, upon which rest the various devices supporting 
the box containing the excavated materials. They are built of 
different sizes and shapes. One of the simplest forms of dumping- 
car is the one illustrated in the diagram (Fig. 80). This, as usual. 





„ ^ „ 


1 1 


^ u 



Fig. 80. 



is composed of an ordinary four-wheeled truck, upon which rests 
a wooden frame of trapezoidal shape with the longer side on the 
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truck and the small one on top supporting the bocly of the I 
Tliis is liiiiged to the frame and when loacied is kept in plnce 1 
means of vertical propa resting on the truck and holding the e 
of tiie box which does not rest on the woovien frame. ^V1 
the car is loatied the center of gravity remains very close to f 
line of the eiige of the trajjezoidal wooden frame, so thiit aFM 
the vertical supports have been remo-\-ed, a laborer with a vBi) 
small effort wiW turn the bo<iy of tlio car around the hinged uj 




and the box will take a position following the sloping sid! 
trapezium. If the board along the side of the car has been pnij 
viously removed, the earth will fall to the ground. 

On the same principle is constructed the Western Dump- 
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Ulustrateti in Fig. 81, which has the great advantage over the 
one just described that it can be dumped on either side. In this 
case also the car is composct.1 of a four-wheeled truck provided 
with an additional longitudinal centerpiece upon which rest tlie 
cast-iron stands supporting the body of the car. As is clearly 
showTi in the figure, these stands are pin-connected so that the 
car may revolve on either side. The box is kept horizontal by 
means of chains tying it to the truck. By loosing one of the 
chains and with a very small effort any laborer can easily tilt 
the car, which will overturn in the opposite direction, thus unloatl- 
ing the material. The chain fastenings can be released by the 
foot and the car dumped while in motion. The sideboards of 
these cars work automatically, opening on the side on which the 
tluuiping is done and closing as soon as the car is returned to an 
upright position. These cars are built of different sizes, from 
I i cu. yds. to 5 cu. yds. capacity. Another type of dumping-cars 
iiHCil in connection with narrow-gauge railway are rotary dump- 
ing-cars, which may unlojui the material not only on both sides 
like those just described, but also in front and back. Such an 
arrangement is very convenient for building embankments in 




i 



which the cars must be unloatied at the front of the slope. There 
is a large variety of these cars, and all of them are constructed 
on the same principle. In the center of a four-wheeled truck 
there is a circular iron platform to which is pivoted another simi- 
lar one attached to the bottom of the body of the car, so that it 
mav revolve around its center. If the car is provided with a 
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dumping arrangement, it can be unloaded in any position. 
82 shows the Western Rotarj' Dump-car. This ia provided m\ 
a pivoted or swinging draw-bar, which is pushed aside whe 
dumping over the end, 30 that a much steeper angle is made 
(lumping than if it were necessarj' to dump over the draw-ba 
The same automatic device for tlie end-board is used on the rotal 
car as is used on cars dimiping sideways. 

AH dumping-cars, whatever their form may be, are usual 
hauled in trains. They must be provided with bumpers ai 
chains and other connections similar to but simpler and of small 
dimensions than are used in ordinary,' railroad cars. 

The motive power used in hauling the trains is either hora 
or steam-locomotives. Having discusseil traction by horses 
other parts of this book, it will be proper to devote here a ft 
words to locomotives. These are specially constructed for ti 
kind of work, are very light, and economical both in cost and 
running expenses, and are constructed of different shapes I 
various manufacturers. 

Fig. 83 shows a four-ccmplod locomotive built by the Baldw 
Locomotive Works of Philailelphia, Pa., for the Colorado Fuel ai 




Iron Com|iany. It was built to run on a 3-ft. gauge and its tol 
weight was 20 tons. Its principal dimensions were: Diamel 
of cylinder, 12 ins.; length of stroke, 16 ins.; distance betnci 

driving-wheels, 5 ft. 



) EXCATATED MATEB1.U£ ON HOBIZONTAL 1 

Thp quantity of coal consumed varies with the locomotive; 
oil the average it may be assumed that it consumes about 6 lbs. 
n/ ciMiI fier horse-power per hour. The quantity of water about 

gallons per mile. The tractive power of a locomotive, acconl- 
ias to Trautwine, is given by the following fonnula : 

S,|Mm of rtianiew of ^ Single length of ^ •^™'"F .*»"! Pf ' 
<« pbton in inches X atrota in ins. ^ ™« ■" 'be cylinders 

__ "^ m lbs. per sq. inch 

Diameter of driving-wlieel in inches 

Tbi- cost of liauling I cu. yd. of earth by means of steam-loco- 
nwtives is gi\'(-n by di\'iding the daily ruaiitng expenses by the 
plolol ijuantity of the hauled mHterials. Tlie daily running ex- 
s are given by the consumption of coal, water, and lubri- 
lats, and the wages of the engineer in eliarge of the locomotive. 
J and wator vary with the diytanee run, while the wages of 
^ tngineer remain fixed. Assuming that a locomotive will 
avel 100 miles per day earrj'ing UMXI cu. yd.s. nf eartti to the 
aaipii^ place, the cost of hauliiit; a unit of volume will be as 

foiJ S4 00 

\Vner 1.00 

DiUlc 80 

l^ngincer 3 50 

Total daily expenses $e..*iO 

giiaatity of earth hauled in a day - . Wm^^'^ '^- ^' ''"■ >'^-' 
or Ufarly l cent jwr cubic yard. Other items should be added 
thai will greatly increa-se the cost of hauling the unit of volume 
of ihcniaurial. These are, for instance, the wages of the laborers 
employed in repairing the road, the interest of the invested capi- 
tal, the repairs to locomotive and cars, which is not a small item, 
the sinking fund, and the superintendence. 

"Tien a Verj' large quantity of material has to be excavated 
in a short time, and the distance to where the materials are to 
I be Jeitositc,! i_s large, it will be more convenient to employ loco- 
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motives of greater efficiency running on standard-gauge tracks. 
In such cases the excavation is made by several powerful machines, 
and they must be serv^ed by a continuous procession of cars of 
large capacity. The trains are formed of several cars heavily 
loaded, and consequently it is necessary to use a tractive force 
of great efficiency. 

The standard-gauge road is built with rails and ties of the 
same dimensions used in ordinary railroads, and is constructed 
in the same way. In case the work will not last for many years, 
it will be more convenient to employ second-hand material both 
for the rails and ties instead of buying new. It will cost a great 
deal of money to keep the track in working order, since the weight 
of the locomotives and loaded cars will tend to sink the track, 
especially if located on top of recently constructed embankments 
or in the bottom of the open trenches. This is an important item 
that will greatly increase the cost of hauling, and it should not 
be forgotten. 

The locomotives employed are of the railroad type, either 
with water- tank and fuel-bunker mounted on the locomotive, or 
carried by a separate tender as on ordinary railroads. Since 
heavy locomotives are very expensive, it will be perhaps conve- 
nient to got some of those discarded by railroads for ordinarj^ 
traffic. But the advantage of using second-hand material will 
depend upon the amount of the earth to be hauled, the magnitude 
of the work, and tlie time in which the work Ls to be completed. 
Locomotives, as a rule, are discarded by the railroad companies 
when the yearly exp(*nses for repairing required to ket^p them 
in working order are very heavy. In such a case, and espi»cially 
when the work will last for several years, it will not be convenient 
to get discarded locomotives, but to use new ones of lighter effi- 
ciencv. 

Tlie ears used in the excavation are of three different types — 
the platform, the gondola, and the dumping cars. Platform cars 
are the simplest and the most commonly employed cars for haul- 
ing earth excavated by machines. They are 34 ft. long and 7 ft. 
wide, and when loaded they contain almost 10 cu. yds. of earth. 
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They consist of a heavy platform of hard wood supported on a 
double four-wheeled truck. Around the edges of the long sides 
of the platform there are iron eyes to receive short vertical posts 
which guide the unloading apparatus. At one end the cars are 
provided with a hinged apron made of sheet steel as wide as the 
whole width of the car, and of such a length as to abut on the next 
car, thus bridging the empty space between the two consecutive 
cars, and allowing a continuous support to the unloader, whose 
description is given on p. 326. 

The other type of car used to haul excavated earth is the 
ordinary gondola car. This is similar both in construction and 
dimensions to the platform car, with the difference tliat all around 
the edges there is a 3-ft.-high strong board to retain the materials. 
It is very convenient for the transportation of materials to a 
great distance, since each car may transj)ort over 25 cu. yds. of 
material at a time. But it must be unloaded by hand, and this 
is an expensive item to be added to the unit of cost of the mate- 
rial. The relative convenience of employing the gondola instead 
of the platform cars is obtained by an accurate comparison of all 
the items of cost in both cas(\s; tlie greater number of cars and 
locomotives but the inexpcnisivc* unloading in one case versus the 
smaller number of cars and locomotives together with the costly 
unloading in the other case. 

The other type of car uscmI in the transportation of excavated 
material is the dumping-car. Th(*r(» is a large variety of thc^ni on 
the market, all covered hy pat(»nts, which the manufacturers claim 
afford great advantages. Those*, liowevcT, us(m1 by contractors 
are onlv of two kinds — one with a very liniitcMl usefulness, while 
the other car is growing in favor because it can unload tlu* material 
where it is needed. The simplest (kiniping-car is the on(* used by 
railroads for carrying ccnd. It is mounted on a double four- 
wheel truck, and is in the sha])e of a trough with the interior 
sloping down toward th(* bottom, where it is provided with a 
trap-door. By opening this the* material will d(\sc(»nd by gravity 
and the car be unloaded. Tlu\s(* cars, however, discharge their 
contents between the track, and th(*y can be employed only when 
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the dumping is effected on trestles, otherwise the material depos- 
ited within the rails will obstruct the traffic of the road. Con- 
sequently their utility is very small, and it will not be advisable 
for the contractors to use them except in the case of dumping 
from trestles and when the rolling stock may be provided or 
loaned by the railroad company. 

More convenient are the Goodwin (hmip-cars, illustrated in 
Fig. S4, ^"lllwilll^hlIlllirl_L' l!i;it thi-sr luivr hem introduced only 




Fw. 84. 
a few years, they have met with the greatest success, ami are 
already extensively used by contractors, railroads, and mining 
companies. They are construct«<l entirely of steel, and are divided 
into two compartments, which can be unloatlcd separately, tlie 
division being made by a steel diaphragm. The advantages of 
these cars are given by the manufacturers as follows: (I) That, 
on account of their peculiar construction, they discharge all kinds 
of material hauleil as freight, using the gravity of the material 
alone as the unloading power. (2) That the discharging appa- 
ratus can be released by compressed air, steam, electricity, or 
hand-power at will. (3) That they can be discharged on either 
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or both sides, or in the center, according to the different manners 
indicated in the diagram (Fig. 85), and yet without careening or 
moving of the body of the car. (4) That a train of Goodwin cars 
or one car can be discharged with perfect safety while running at 
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any speed, and the valves (floor) need not be replaced until the 
car reaches the loading station. (5) If the cars are discharged 
while running, they will spread the load from 5 to 30 ft. from the 
track; the width of '^spread" being regulat^^d by the speed of the 
train. (6) That one man in any part of the train can discharge 
the loads from all or any number of cars in the train simultaneously. 



CHAPTER XIII. 

METHODS OF HAULING EXCAVATED MATERIALS ON INCLINED 

ROADS. 

The methods of hauling excavated materials, so far described, 
can be employed only on roads with a grade less than 8 or 10 per 
cent, when wheelbarrows, carts, wagons, and scrapers are used, 
or on roads wiiose inclination is not greater than 3 per cent, when 
the materials are hauled on cars running on tracks. But in many 
cases, on account of configuration of the ground, and especially 
in carrying earth from borrow-pits to the embankment, it will be 
almost impossible to develop roads with such a small gradient, 
and then engineers and contractors must i)rovide inclined roads. 

A primary division of the various means of hauling materials 
by means of inclined roads can be made according to whether 
the materials are hauled up or down grade. The devices for 
hauling materials up grade are so many and of such different 
shapes that it is very difficult to give the details of each one, and 
here, therefore, only the most important will be described to 
illustrate the principles upon which they are constructed. The 
Chicago Drainage Canal was a work of great magnitude in which 
all the materials excavated on the bottom of the canal were raised 
up and deposited on the spoil-banks along the edges, and many 
different methods of hauling the materials up inclines were em- 
ployed by the contractors. The details of these machines are found 
in Chas. S. Hill's book. The Chicago Main Drainage Channel, 
published by the Engineering News Publishing Co., which can 
be advantageously consulted for more information. To haul mate- 
rials down steep inclines is a much simpler affair, and it is usually 
done by means of gravity roads. 
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Inclines for Wheelbarrows. — \\Tien the hauling is clone by 
means of wheelbarrows and the earth from the bottom of a borrow- 
pit must be raised to the top of an embankment under such con- 
ditions that no road can be stretched between these points, the 
simplest manner of overcoming the difference of level is by means 
of tied barrow^s. This consists in hauling the materials on w^heel- 
barrows passing over a plank road inclined according to the slope 
of the cut, and just wide enough to allow the passage of two wheel- 
harrows in opposit<^ directions. A rope is placed along one side 
of the phmk road and, passing through a horizontal sheave at the 
top of the incline, returns on the other edge of the i)lank road. 
At each (^nd of the rope is attached a whe(»lbarrow. The laborer 
(l(\scending with the empty barrow will assist the ascent of the 
otlier man, who is pushing the loaded barrow up the incline. 

When the inclination of the slope is greater and conscMjuently 
too nmch effort will be required to push the wheelbarrow up the 
j)lank road, animal power may be advantageously employed. 
In such a case, at a convenient distance from the edge of the slope 
is i)laced a vertical post (Fig. 86) provided wuth two sheaves. A 
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rope with one end attached to a wheelbarrow in the bottom of 
the excavation passes over the upper sheave and assumes a hori- 
zontal position by passing around the lower sheave. At the 
other end of the rope a horse is hitched, and in moving pulls the 
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rope, thus causing the ascent of the wheelbarrow up the plan! 
road. It is convenient to build the incline higher than the top 
of the slope, and ending with a platform under which may pass £ 
car or wagon into which the excavated materials are dumped 
Fig. 86 clearly indicates this manner of hauling materials up 
inclines. It was employed in the construction of the London & 
Birmingham Railway ; on some branches of the Paris, Lyon & 
Mediterranean Railway in France, and more recently on the St. 
Gothard line. 

a 

The work done by means of wheelbarrows is, as a rule, slow and 
expensive, and, on account of the great improvement in hoisting- 
machines in the last few years, this simple method of hauling 
excavated materials up the inclines is very seldom employed. 
But in some particular cases, as, for instance, when along the line 
of the road there is a small isolated embankment to be constructed 
from the material excavated in a borrow-pit, this slow and ancient 
method may still be found convenient. 

Inclines for Carts and Wagons. — ^To overcome the sharp dif- 
ference of level existing between the ground-surface and the 
bottom of the excavation, when the earth is removed by c^rts 
and wagoas, inclines are made of earth left in plac^. Anothei 
team of horses hit died to the shafts of the carts will facilitate the 
moving of the vehicles up the incline. When the remainder oi 
the excavation is completed these inclines are removed by cut- 
ting them down until they become so sharp that vehicles cannot 
pass, and th(*n they are cut and removed by hand, working ir 
benches, until the vertical side of the excavation is obtained. 
This manner of hauling excavated materials is commonly em- 
ployed by cellar-diggers in every city. 

When the work of excavation is of such importance that manj 
cars have to be hauled every day, and when the length of the 
haul is so f^reat that more than one team has to be employed ir 
helping the carts surmount the incline, hauling the carts by steam- 
power will be found more convenient. In such a case a single- 
drum reversible engine with a wire rope coiled around the drun 
will be placed on top of the incline. The end of the rope is pro 
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rided irith a hook which engages the ring at the head of the shalt 
le Wflgoo standing at the foot of the incline. By turning the 
i^iop tlie wire rope will coil around thn drum, thus pulling up 
e incline Ihe carts an{| wagons together with the horses, which 
B vi-alk easily, being relieved of the load. An empty ear going 
n the incline «nll carry the rope to the bottom of the excava- 
! to be attached to a loaded cart. By this method the 
rilfrhas seen from 12 to 15 care per hour hauled up an incline 
Ofl, long and 20 ft. high; for ordinary calciilationa it can be 
1 thai one car everj' five minutes, or 12 per hour, can be 
I, making an average of 100 carts per ilay. 
[ien the excavated materials are removed by means of tip- 
» hiiiile<l by horses and running on light, narrow-gauge tracks, 
fe difference of level between the bottom of the excavation and 
fetopof the I'mbankment is usually overcome by means of plank 
1» similar to those employed in connection with wlieelbarrows. 
h a case, however, two jtlank roads are built parallel to each 
r, and at some distance apart, and are provided with tracks 
ilar to those employetl throughout the work, A rope is 
id along the plank roads and it assumes the horizontal 
1 on top of the incline and in the space between the two 
""Wis by passing thnjugh sheaves placed horizontally. To the 
Iiofiaoiilal portion of the rope is hitched a horse which by moving 
■" one direction causes the ascent of a tip-car tied to one end of 
""^ rope and the descent of another car tied to the other extreme. 
^is operation is reversed when the horses move in the opposite 
rtircotion. 

Tliis manner of hauling is not the most economical, but it can 
W Usefully employed in certain special cases, as, for instance, 
1 all the liauling is clone by nieana of cars moved by horses 
t temporary narrow-gauge road and the embankment built 
ll materials taken from borrow-pits is not very large; when 
done in localities in which labor is cheap, or when the 
[ IS eo located that the economy obtained from the employ- 
t of mechanical power will not comj^ensate the expense of 
Kirting and setting up a nirchunicai plant. 
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The quantity of materials hauled in this manner varies from 
60 to 75 cu. yds. per day. For such an output two horses and 
drivers and four laborers, one at each end of the inclined roads, 
are required. If $5 be the daily cost of hiring the two horses and 
their drivers, and $5 is paid the laborers, the cost of hauling 1 cu. 
yd. of material will varj^ between 14 and 18 cents. 

Animal power is not advantageous when the quantity of the 
earth to be raised is large and when the capacity of the cars is not 
less than 1 cu. vd. In such castas it will be necessarv to ase steam- 
power. The simplest way of hauling cars by steam is to build an 
inclined road supporting trucks connected with those at the top 
of the embankment and at the bottom of the excavation. At a 
convenient distance from the top of the incline is located a single- 
drum reversible hoisting-engine. The hoisting rope coiled around 
the drum is provided with a hook at its free end. At the lower 
end of the incline a trahi is formed by uniting together 3, 4, or 5 
cars, and the hook of the hoisting rope is fastened to the first car. 
By putthig the engine into gear, the cable will coil around the 
drum, thus causing the cars to ascend the incline. Reaching the 
top of the embankment the cars an^ shifted onto the spoil-tracks 
and the materials dumped in the recjuired place. The descent of 
the empty cars is accomplished in exactly the same way; a train 
is formed and to the rear end of the last car is attached the hook 
of the cable. The engine is then reversed and, on loosing, the 
cable will lower the cars down the incline, thus preventing their 
rushing down at great speed. 

This manner of hauling is very conmionly employed in works 
of any magnitude. It was employed on some sections of the 
Chicago Drainage Canal, where full trains were hauled at once 
to the spoil-banks, and, more recently, it has been used on St^ction 
13 of the New York rapid- transit road to haul to the surface 
the materials excavated hi the tunnel north of 157th Street along 
Broiulway; there, however, only one car at a time was haulcMl, 
a curve Ixing provided at the top of the incline where the cars 
were shifted and side-tracked until a train was formed and hauled 
to the dumping place by a diminiy-engine. 
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The efficiency of this method of hauling depends upon the 
length and grade of the inclines. In general it can be said that 
from 500 to 600 cu. yds. of material can be hauled up in a day 
of ten working hours. 

Hauling by Endless Chain. — Another method of hauling 
loaded cars up inclines is by means of an endless chain or wire 
rojx*. The incline is built wide enough to contain a double-track 
line, one track Ixung used for the ascending cars and the other 
track for the descending cars. \\Tien the endless chain is used 
this passes in the center of the tracks and at the two ends of 
tlie inclines revolves around a drum provided with a gear whose 
teeth grasp the links of the chain. If one of the drums be moved 
by horse, steam, or other motive power, it will cause the chain 
to travel continuously along the inclines, and the cars attached to 
the chain will ascend one of the inclines and descend the other. 
When instead of a chain an endless rope is used, no gears arc 
re(|uircd, but the rojx* is wound two or three times around the 
lowcT drum so as to caase friction, and at the other end of the 
incline it is coiled around a fly-wheel moved by a st^am-engine. 
To prevent friction of the chain or rope in its travel along the 
inclines it is supported by sheaves placed a few feet apart and 
between the rails of each track. 

The attachment of the cars to the endless chain can be very 
simi)ly made, consisting only of an iron bar passing through the 
front bumix^r of the car and fitting inside the link of the chain. 
When the car has reached the upper end of the incline, the iron 
bar is lifted ami the connection with the driving-chain discon- 
tinued. A l)etter and safer manner of connecting the cars with 
the chain or win^ rope is to provide the driving-chain or rope with 
buttons, which can l)e made of steel wires placed ever>' 20, 25, or 
30 ft. apart. At the front of the car there is a bar ending with 
an inverted U. This is made in such a manner that it allows 
the passjigi* of the cliain but not the buttons; these will hold fast 
the cars and draw them up the incline. By raising this fork the 
conm^ction with the driving chain or rojx*. is discontinued and 
the car may \yo switched to the tracks leading to the dumping 
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place. Another way of connecting the ears to the driving cable 
is by means of a grip. Such an expensive arrangement may be 
found useful, perhaps, in continuous works, as in mines, but not 
in temporary works such as earthwork excavation, and any further 
description will be omitted. 

This manner of hauling cars on steep roads is very seldom 
employed by engineers and contractors in every-day works of 
excavation. It may be, however, found convenient when a very 
large quantity of material has to be hauled and conveyed to the 
spoil-banks within a very short time. In such a case the condi- 
tions of the work will require the use of many tracks radiating 
from the ends of the inclines to the various points of the excava- 
tion and dumping grounds. 

The average velocity of the driving chain or rope is about 5 ft. 
per second, and since the cars may follow each other safely at a 
distance of 60 ft. apart, the efficiency of the apparatus will be 
5 cars per minute or 3000 cars per day. In practical work it can 
be assumed at 1000 cars of 1 cu. yd. capacity and consequently 
at about 1000 cu. yds. per day. 

Hauling by Traveling-cars. — ^The cars hauled up inclines in 
the various ways described are the usual dumping-cars employed 
for hauling purposes mo^^ng on narrow-gauge tracks on horizontal 
roads. They have been employed even on slopes of 1 to 1, with 
a velocity of 5 ft. per minute. But with greater velocity and 
steeper slopes they can be easily overturned, thus causing a long 
delay in the traffic and serious trouble. Tlien instead of attach- 
ing the cars directly to the hauling cable, it is more convenient 
to place them horizontally on a j)latform of a specially constructed 
car, which is hauled up the incline by means of a cable coiled 
aroimd the drum of a reversible hoisting-engine. 

This special car, illustrated in Fig. 87, coasists of a simple 
truck in which the front and rear whwls are at different levels. 
The platform of the car is horizontal, so that its sides are 
triangular in form, and is provided with tracks of the same 
gauge u.s(*(l throughout the work, or with a turntable wh(»n 
the material to l)e hauled converges from different lines and 
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iiiusl be (liffiiiai^ed at various jioiiits. The incline is huilt lowir 
ihan the plan of the excavation, in order that the tracks on Ihe 
platform of the Ciir may be flush with those on the floor of the 
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exravafifin. The tipper emi of tlie incline will alfo be lower than 
Uie plane of the rails ieacUng to the spoil-banks. 

This method is found convenient when large cars are used for 
Smiling purposes, and it is employed also in slopes of smaller 
ifitliriation than those inilicatod above. 

Gravity Roads. — So far only the cases in which the excavated 
Diatcrials have to be raised from the bottom of a pit or trench up 
'" liiP embankment or ground-surface have been considered; but 
f Ji'm at« also ca.'ies in which the materials in order to reach the waste- 
'Mnks must ilescend an inclined road. Tliia is accomplished by 
"ifoDp of gravity roads in wliich the loa<led cars descending by 
'"PIP own weight on an inclined road haul up the empty ones, 
''le essential parts of gravity roads are chwn or wire roi)e to 
'hich the cars are attached and a drum provided with a brake 
i^gulate the speed of the cars. .^Jound this drum is qoiled a 
J'Oftion of the driving rope. The attachment forming the cou- 
'"tlion between the rope and the cars may be of any of the designs 
'^^Sf'ribed alrea^iy for inclines employed in hauling up materials, 
A gravity road conuiiandenl by an endless chain was em- 
'Jred at the Modane jiortal of the Mont Cenis tunnel in order 
carry to the spoil-banks the materials excavated from the 
'HI. This consLsteil as usuaJ of two parallel tracks laid on an 
■line. In the middle of the tracks was laid a chain encircling a 
drum at the top of the incline and another returning 
at the foot of the incline. Along the incline the running 
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of the chain was facilitated by means of roUers placed between 
the traeks. The dninis were provided with teeth engaging the 
links of the chain. 

Gravity roads operated by wire ropes were used on Section 13 
of the rapid-transit railway, where the earth excavated from 
tho trenches along Broadway was carried down to a place near 
the Hudson River to form the embankment for the extension of 
the Riverside Drive to Lafavette Boulevard. Various methods 
were employed for carrying down the excavated materials, but 
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a gravity road for hauling down the materials loaded into the 
ordinary \\\\stern dumping-cars was built at 144th Street. This con- 
sisted of a double-track line of 3 ft. gauge placed along the incline 
and connected with switches and curves to the line running along 
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Broadway and parallel to the cut. The device for regulating 
the descent of the cars was located about 30 ft. from the incline. 
It consisted (Fig. 88) of two grooved wheels 4 ft. in diameter and 
5 ft. apart, placed longitudinally and with the axis at the level of 
the ground. The wheels had flanges surrounded by wooden 
brakes similar to those employed in hoisting-engines; the brakes 
were commanded by handles located above a platform in a small 
frame building where the operator stood, and where from a large 
window he could command a view of the whole incline. In front 
of this frame building was another grooved wheel 3 ft. in diameter, 
placed transversely and hiijjhor than the two others. A wire rope 
was attached to the descending car, passed over, and was wound 
around one of the longitudinal wheels, then from underneath the 
first wheel piussed over the wheel placed transversely and from 
this underneath and over the second longitudinal wheel and was 
attachcHl to the empty car at the foot of the incline. In this man- 
ner the descent of the loaded car was regulated by the operator. 
The road worked in the most satisfactory way and without any 
accident. Only two rollers were placed between the tracks at 
tlie top of th(* incline, but these were insufficient since the rope 
made grooves in the ties over 1 in. deep. 

Belt Conveyors. — Another method of conveying excavated 
materials up inclines is by means of belt conveyors. These con- 
>^ist in depositing the materials upon an endless belt, which in 
traveling carriers them to a higher distant point. The belt may 
travel horizontallv, but as a rule it moves in an inclined direction, 
and is more connnonly employed in carrying materials up to 
higher )K)ints. In the description of the New Era grader a lx»lt 
conveyor was usc^d for loading the cars and formed an essential 
part of th(* macliine. 

A l)elt conveyor is made up of several i)arts- — the belt, 
tlie ruimers, and the driving drum. The \w\i nuist b(» of such 
material and construction as not to b(^ easilv worn out bv the 
materials that it carries; the runners nmst l)e built so as to 1k^ 
jx'rfectly isolated from the ])articles of the carried material, other- 
wise.^ they will be clogged, thus preventing the running of the belt; 
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the driving drum, which is usually placed at the bottom of the 
uicline, can be driven in different ways according to the length 
of the conveyors. Small and short conveyors can be directly 
driven from line shafting. In larger and longer conveyors the 
driving drum can Vx? driven by belt from line shafting running at 
moderate speed, which is further re<luce<l by large driven pulleys 
on a head sliaft, or it can be directly driven by a system of cog- 
whei»ls. 

Since the lx4t of these conveyors runs contiimously they gi\'e 
the most efficient work in carrying away materials excavated by 
means of machines working continuously. In a paper read 
before the American Society of Civil Engineers, July 2, 1888, Mr. 
William Plumb Williams thus described a belt convevor used in 
connection with a down-<ligging machine in the construction of 
the Panama Canal: 

"At Tavanilla in connection with the endless chain of bucket 
excavator was employed a transporter. A truss of oOO ft. in 
length was supported at one end on the deck of the excavator 
and extended at right angles to the fore-and-aft line of work, the 
other end lx*ing supj^orted upon a traveling derrick and car. 
This truss was G ft. in width and 10 ft. in height, and an endless 
l)elt 4i ft. wide received motion from an indeix^ndent engine of 
the excavator. * The contents of tlie buckets of the excavator 
were discharged into the h()pi)er and out on to this traveling l)elt, 
tlw*nce along over top of truss until tlie end was reached, when, 
the Ijelt going over the outer tumbler, its contents fell to the 
ground. The outer end of the truss may Ix^ raised as high as 
30 ft. from the ground, giving room for a large bank to fall with- 
out obstnicting the passage* of derrick car from tlie dc'bris sliding 
towanl the machine. 

*'In this work the excavator was digging 30 ft. Ix^low the 
rail of the car; material was carried 500 ft. distant and elevated 
a total of 50 ft. This necessitated the keejMug up of three 
tracks - of excavator, a track of ))latfonn car supj)orting belt, 
engine, and boiler, and a track of derrick car. In addition 
to the regular crew of the excavator, there were used one man on 



I ON INCLINED JIOADB. 



the derrick car to prcsen-e a constant fonvant motion up the 

tnipk with the fxcavatnr, oiif engineer on the jilalfnrm car lo 

iTfulate belt engine, ami one fireman each on derrick car ami 

plalforai car." 

Belt conv-eyors were also employed in hauling the materials 

I fucavfttcd from the bottom of tlie canal to the waete banks in 

the construction of the Chicago Drainage Canal, and were de- 

sigtiHl by Mr. L. W. Bates of Chicago. These consisted of an 

endliss rubber belt 22 ine, wide, paasing from a driving station 

«i one bank of the canal acros.s to the other side, along a trusa 

f>VT Ilie spoil-bank round suitable pulleys at the further end of 

ihi" imss and back again to the power station on the opposite 

twili. Tlie installation on each side was mounted on tracks, so 

that it could be advanced as the work progressed. The belt was 

^l>t loaded by a steam-shovel with a granulating attachment, 

"ito which the earth was deliveretl and reduced to a suitable con- 

•'ilioQ Ijefore being dischai^d upon the belt. The delivery 

Capacity varied from 300 to 800 cu. yds. per ten-hour shift, not 

t* ■^ligh duty. A writer in Eri^n-eering commented on the exten- 

Ve character of the plant and the costly labor, since it requireil 

fital force of 135, about half of whom were skilled woikmen 

PaiO from $2 to $3 a day. In bjui weather it was found that the 

'**lt did not ser\e the purpose of conveying efficiently, and only 

^j^tlUer favorable conditions could the excavating and gnmulating 

HtoUMtunenr be worked to the full capacity. 

^V In ihe last few years another belt conveyor has been placed 
^^*0 the market, and ha-s found a \-ery considerable employment in 
puVilic works, and its use is daily extending. It is the Robins 
tx*ll conveyor controlled by the Robins Conveying Belt ('ompany 
*^f ^'ew York. The Robins, like other belt conveyors, is composed 
^*^ the three essential parts — Ihe entUess belt, the runners, and 
the driving dnmis at the end of the luclme. The belt is made of 
ivered with layer.s of rubber thicker at the center than 
■ tlie sitlea. thus protecting the belt against the abnision of the 
atfrial tliat travels upon it. The runners, or idlers, as they are 
*>llttl, are comiHJsed of three cast-iron cylinders arranged in such 
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a maimer so as to form a trough, thus preventing the materials 
traveling on the belt from fulling on the sides and clogging the 
nmnere. Fig. 89 shows the arrangement of the trough idlers hi 




the Robins conveyor, and also the runners below to facilitate tlie 
return of the belt. When carrying wet and muddy material, 
which easily sticks to the belt, this conveyor is provided with a 
brush underneath the driving drum at the top of the incline which 
cleans the belt of any material that may remain attached to it. 

The Robins belt con\'eyor was used by Messrs. Ryan & Parker 
in excavating for the foundations of the new 120,000-H.P. power- 
house of the New York Gas and Electric Light, Heat, antl Power 
Company at Thirty-eighth Street and East Ri\er, New York. This 
plant covers an entire city block. The work was done during 
ver>' cold weather, being commenced in December, 1899, and 
finished in January, 1900. An open trench 7 ft. deep was dug, 
running through the center of the lot. In this the conveyor was 
installed. Across tliis trench three bridges were laid with a hole 
about 3 ft. square in the center of each, with chutes leading from 
these holes to the conveyor. A large number of wheel scrapers 
constantly passing over these bridges dumped their loads into 
the holes. The material fell onto the belt which carried it away, 
running level for the great«r part of its length but taking a ^■e^ti- 
cal curve ot about 100 ft. radius as it approached the river until 
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a height of 20 ft. was attained. At tins point it delivered the 
material into a large barge, which when filled was towed out to 
sea and dumix-d. The conveyor was driven at its head end by 
a small horizontal engine, very little power being required. It 
was subjected to the roughest kind of usage, rocks weighing over 
100 lbs. being constantly dumped u[>on it, but it never caused a 




moment's stoppage dmnng the entire work. The width of the 
bell was 30 ins. and the actual quantity of material removed 
exceeded 1200 eu. yds. per day. The work was so satisfactory 
that tlip contractors declare that they will make use of the Robins 
belt conveyor in any exea\ating which they meet with, provided 
of course that the conditions are suitable. 



J 



CH.\PTER XIV. 

VERTICAL HAULING OR HOISTING OF EXCAVATED MATERIALS. 

A DIFFERENT method of hauling materials is employed when 
the horizontal distance between the cut and fill is very small, 
while the vertical distance is great, or when a great difference of 
level must be overcome in order to send the excavated mat>erials 
to the fills, or spoil-banks. In such a case it is very difficult to 
construct inclines, and it is preferable to hoist or raise the mate- 
rials either directly or hidirectly in a vertical direction. It is 
termed direct hoisting when the buckets containing the materials 
are attached directly to the hoisting-cable of the machines, and 
it is termed indirect hoisting when the cable is attached to a plat- 
form or some other device upon which are placed the cars contain- 
ing the excavated materials. Again, either direct or indirect 
hoisting can te done by machines which simply raise the materials 
in a vertical direction; but direct hoisting can be also done by 
machines which not onlv raise the materials in a vertical direc- 
tion, but transfer them horizontally. The principal hoisting- 
machines are the windlass, horse-gin, and elevators, while those 
which both hoist and transfer the materials are cranes and der- 
ricks. . 

Windlass. — The simplest and oklest hoisting-machine is the 
windlass. This consists of a horizontal wooden driun about 2 ft. 
in diameter, its axis usually formed of an iron rod which is pro- 
duced and Ijent so as to form a crank at each end of the drum. 
In some cases the drum ends with one or two large wheels fur- 
nished with iron handles. The drum is ordinarily made up of 
three wooden circles. Nailed around their circumferences tliere 
are hard-wotnl staves, which can be either close together or a little 

18G 
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*paft. The drum is supported by two vertical trusses. Around 
ihe timm is wound tiip hoisting-rope, which has its two ends free. 
To lliese ends are attached the buckets containing the material. 
TV mpe should be longer than twice the depth at which the 
niHlcrials are excavated, because it is wound three or four times 
amiind the drum. The windlass is operated by two laborers, 
fhu lum the cranks or the wheels. To obtain the greatest effi- 
onon from tlie windlass it is necessarj- to have tlie axis of the 
drum a little higher than half the height of an ordinary man, so 
tiiat the han<lle of the wheel in its higher position will reach atwut 
lo the shoulder of the operator; it is also necessaty to have at 
ihptniis of the rope two buckets of equal capacity. The windlass 

i3|)la«ed directly above the shaft. 

Wmdlassea are very seldom employed to-day except in cases 
Ere a small quantity of material is to Ix- removed from a small 
)th, and the work of excavation proceeds very slow, as is the 
e m the excavation of small piers. As a rule it is admitted 
A windlasses are suitaljle for hoisting materials from a depth 
[ gT'ater than 30 ft. and when the total quantity of the mate- 
I does not exceed 300 cu. yds. 

The windlass Ls operated by two workmen, and tlie cost of 
Mting a unit of volume of material varies witli the Weight of 
ibe material and the depth of the hoist. The cost of hoisting 
cu, yd. of various materiais from different depths is given in 
efoUowing table; the prices are calculated on a basts of $1..50 
ir day of ten hours. 
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ir/l^. ^.tn X Iran ir .r* vx ir-.ani -^oicii is ▼runii zne !ioB5Cin«- 

»hu».n .H '•Ji.y?: TJ* :r:Tr. ^rjif". Tb* inrsp* jlt^ hicaeii :o the 
tnw T>^ v.r.npfrj-.r. .i "hi* irin^ -^^-Ji :hi* ir^n. is B&bie by 
m^^r.a -.f :'■'.<;€.* xr.irr. il'x'w •niT'L-'-c iz. :cc«:eL:c iirwtircs. The 
-trim »Kar *ru:.* -v-^r;. ir. Lr:?: plv.r i: ^ju^ii fxrr^EiirT. the loT^er 
^n#^ *'irr..r.ar '.r. ^ '/^/.-rriprAl r:r i:j: :i:ir *i;c«rr ice ir. a ouCaLT. 

jfcr^l f.->av: V, T.^ TT^'MrA '07 ir.cliririi zrcs. Tbr c«razi and ia- 
^lin#^r: r>r^r/• f.rrr. -hfr »Trirr-ir«r Tstioh 5urc<r.5 :he shift and 

'><v/^r.<':.r.7 r'.^^ ar.ri 1:. L* ::rr.L-'r.eti -^L:-! h-n* rr:j»ri::Lr^ from. 
v,«'. -^ry: r/.^v,Tr. 'O Ji."» ■/; r.r^v-r.: :h»r n:x«r :r rr. •xrk'.'-z •:f. The 
hor'^-r.r. > r.'*,^ ..ic^- •r.^ -jer.'iji.-.-. plirvH: .:ir^::lv :ic-:ve but at 

^r^ '»^>' ^f *r.^- r/.i-'f :r.sr-:/.rirf-. Tr.-^- r.''L'**'Lr.z-r"'i^ i-s w.-m-.i around 
try- 'ir .rr. .r. >. r.^riz/ir/.-^i r^^^-irlor.. hut a.-sTini»r- :t v-r::o:i: ■iinL-orion 
\r,*v> ":.<■ -'r.Pi'v Tr.;- :.^. obraLvnl by {.•a.-^r^ii.^ i: L-ver a *hea\-e 
l,\'Afj-f\ f,i. >. *r.^- ■ .-.r a^Xive rh/- pit. The r:i.i:u* ••: :'::•;• -Iruni 
i?h/*'..^l '/■ ^r^v.r*.^.^;4l ^o the Ifrnfirrh of the arm. thr? ci-^s: favor- 

'A(,,t- f'i'.r, '/.:// I ^', t. 

'fr.r '//•'■.- '»f *r/- r/ir^'-^in i^. of cturs^. rnuoh irrvater than 
tK;»f '/ :j •..r.:.;:-'^ ^r/Tj^^-'l by han-l. buckK.s of 1 eu. y-l. capacity 
^/•^fi/ f^.u.tt.',:..- i-^'i. A^-'"or'iirijr to Mr. Laniiio. \v!i.^ ustni 
hof.v /jr.-' '•/*'-f.-'r.';" iri corjri^-^ti'»ri with the const met ii^ri of 
Jw-vrr;i; f'ir.f.^1' ori »r»'- N'ujKili Fojrfria Kailrua-I across the Ajxniniiies 
MoijfjfJuriV f,'»r •/■ /ir; • ur*- rjo lontr^-r ♦•cnn«»inical lit«i<tinii-inachiiies 
wh#-ri l'// JO, -.VK^). v.h^Tfr V erjuals the vohime of the niati^ 
ri;il to li*' \if,\U'\ rir.'l // '-qiial- tlie h«'ifrht i>f the hoist, the wriirht 
of \\tt' f<i'u- :iu-i\ rii:it<Ti;il l/'-in^ 'JlWl lbs. jvr cu. yd. .\< :i ireii- 
i?nil niU\ hov/'vr-r, it i-- nr-unifil that it is not economical to 
#'rfi|#loy hor-^' /in-', '.villi a 'Ifpth of hoist exceeding 150 ft. In 
thi! followin^^ Ijibl*-.-'. are ^^iv*n the cost of hoisting 1 cu. yil. of 
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different materials from various depths by means of horse-gins 
operated by one and two horses respectively: 

HORSE-OIN OPERATED BT ONE HORSE. 





Common Loam 


Sand and Gravel 


Qay 


Rock 


Height. 


(76 Lbs. per 
Cubic Foot). 


(08 Lbn. per 
Cubic Foot). 


(120 Lbs. per 
Cubic Foot). 


(170 1^. per 




Cubic Foot). 


50 


0.14 


0.19 
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100 
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0.27 
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0.50 





HORSE-GIN 


OPERATED BY TWO HORSES. 
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0.113 
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0.259 
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0.315 




150 
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0.215 


0.265 


0.395 




200 












300 













Elevators. — ^Where large quantities of materials are to be 
hoisted rapidly, it is generally considered preferable to employ 
elevators instead of hoisting the skips directly. Besides, the 
loads carried by elevators are much greater than those carried 
in a single skip by other machines. 

The elevator consists of a car made up of an open-framework 
box of timber and iron, having a plank floor on which car-tracks 
can be laid, and its roof arranged for connecting the hoisting-cable. 
Rigid construction is necessar}' to resist the hoisting strains. The 
sides of the car are usually designed to slide against timber guides 
or on ropes placed against the shaft walls. Some form of safety 
device, of which there are several, is employed to prevent the fall 
of the elevator, in case the hoisting-rope breaks or some mishap 
occurs to the hoisting machinery which endangers the fall of the 
car. The car is hoisted by means of a wire hoisting-rope of usual 
construction and dimensions, and able to safely resist the \uMght. 
The hoisting-rope, by means of sheaves located at convenient 
places, passes over and around the drum of a hoisting-engine, 
which must be reversible. Elevators may be also moved by 
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horson, ami tliis kind of iriachiiie is constructed by the American 
Hoist and Dprrirk Company of St. Paul, Minn. Fig. 00 illustrates 
the elevator-car provided with tracks a^ built by the Lidgerwood 
^Manufacturing Company of New York. 

The plant re<iuired for elevators is more extensive and costly 
than the one required for other hoisting -machines , hence they 
are employed only when the 
material is to be hoisted in 
large quantitie.'i from a great 
ilcpth, and when the work 
\\'i!l extend over a long 
period of time. This man- 
ner of hoisting is more suit- 
able for mining and tunnel- 
ing, and is very seldom 
employed in oi'dinarj- earth- 
work excavations, but con- 
tractors commonly employ 
elevators in hoisting mate- 
rials in the construction of 
new buildings. 

Cranes.— The crane is a 
nKHJi-rn and jKiwerful ma- 
chine, generally employed 
for raising or lowering heavy 
weights or for removing 
them from one position to 
another. Cranes are con- 
I ii; iiii structed of different shapes, 

hut the most common con- 
sists nf an upright revolving sliaft, with a projecting arm or jib, hav- 
ing a fixed pulley at the upjier extremity, o\'er which passes one enil 
of the hoisting-roiw or chain, so as to receive the weight, the other 
end being attached to a eyliniier pro\'i<led with wheel and pinion, 
.by means of which the weight is raised to the rec|uired height. Bn 
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the revolving motion of the upright portion the load can be 
deposited on any spot within the sweep of the jib. 

Cranes are built of different patterns; some of them have a 
curved jib, while in others the jib is composed of a straight beam 
which can be either single or built up of different pieces. la 
regard to the motive power employed, cranes can be grouped into 
hand- and steam-cranes; and both of these can be subdivided 
again into fixed and movable cranes. Fixed cranes operated 
either by hand or by steam are usually employed on wharfs, fac- 
tories, storage-hoases, etc., while movable steam-cranes only an? 
emi)loyed by contractors in the execution of public works. Cranes 
are ver}^ commonly employed in England and Continental Europe, 
but they do not find great favor among American engineers and 
contractors. Only two types of cranes will be illustrated here, 
viz., the crane derrick and the locomotive crane, and their dc^scrip- 
tion is given because they an^ the only ones employed in public 
works. 

Crane Derrick. — The American crane derrick, distinguished 
from the English steam-crane derrick, which is a true derrick and 
will \)c descril)ed later on, consists of a vertical mast provided 
with steel bottom of usual construction, and nesting on a woodea 
block. The mast is kept vertical by means of guys. At a point 
about two-thirds of the height of the mast is the boom, which is 
another beam placed nearly horizontally, having an inward incli- 
nation so as to facilitate the descending of the weights ahnig the 
boom toward the mast. On the upjx^r side of the boom there 
an; tracks made of light rails, upon which rolls the trolley thdt 
guides the trolley-line. The trolley is moved toward the b(K)m 
vnd by the trolley-line running on the engine. Releasing the 
pull on the trolley-line allows tlie load to move dowTi the inclina- 
tion of the boom toward the mast. The enghie has complete 
control of the load, raising it up or down or moving it anywhere 
the entire length of the boom. The trolley- and hoisting-lines 
both pass through the casting and pivot at the foot, and thence to 
a douhle-<lruni engine. 

The crane (l(Trick illustrated in Fig. 91 is the one built 
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by the American Hoist and Derrick Company of St. Paul, Minn.^ 
and is of 5-ton capacity. The length of the mast varies from 46 to- 
72 ft., and that of the boom from 35 to 55 ft. The height oF 
the boom from the ground varies from 25 to 39 ft. 

The use of the crane derrick is limited to the construction oF 
^^•alls of buildings, setting columns, girders, etc., and since the 




Fig. 91. 



b^xMu i< sronon^lly :50 or 40 ft. fn^ni the ground it handles all the 
w»Tk IT i\v»» >:.»rits without m»>viiij:. By setting up the crane 
lUrruk v^:i a tn-'/^-.v ^rk «»f any convenient height, any building 
can U' entirely coniTiUtevl witiiout Removing the derrick. The 
enjiit.e is usuallv livate«i in the ci^llar or im^und floor, and commu- 
nioation is obtainevl bv means of electric bells. 
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Locomotive Crane. — The other crane commonly employed in 
earthworks, especially in Europe, is the locomotive crane illustrated 
in Fig. 92. This consists of a four-wheeled iron truck running 
on tracks. On the truck is &xed a large horizontal cog-wheel 
whose axis is fiit^l into a socket of an iron frame, with womlen 
platform upon which arc ]ilaced the boiler and the engine. In front 
of the iron frame there is a boom or jib braced by means of iron 
rods connected to vertical iron stands, and tied to the rear of the 




iron frame of the truck by diagonal backstay rods pro\'ided with 
tunibuckles. The boom or jib is niaile in different ways and of 
different materials, but usually it is maile of curved iron except when 
very long, then it ismmle of trussed steel. One end of the hoisling- 
chain is fixed to the upper point of the boom; the chain supports 
a fall-block, and after [Kissing over a sheave located on top of 
the boom, is wound around the driun of the re\'ersible engine. 
In this manner the weight attached to the fall-block can be lifted 
or lowennl at will. The engine is so arranged that by putting 
into gear anotlier small cog-wheel whose cogs engiig<^ those of Hie 
large one supporting the platform, the platform and boom ami 
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consequently the attached weiglit turn a complete circle. This 
machine ia called a locomotive crane on account of being provided 
with a self-propelling apparatus. All the motions of this crane, 
viz., the traveling on the rails, the lifting and lowering of the 
loads, and the turning are actuated by steam generated by the 
boiler standing on the platform of the truck. 

Locomoti\'e cranes are built to run on either standard or 
broad-gauge track, and their capacity varies from 1 to 35 tons. 
Fig. 93 illustrates a 5-ton locomotive crane as built by Grafton & 




Co., Engineera, Vulcan Works, Bedford, England, while Fig. 92 
represents a 3-ton locomotive crane built by the American Hoist 
and Derrick Company. In the locomotive cranes of .\mericaii 
build the boom is so arranged that its upper point may be raised 
or lowered by turning the tumbuckles in the diagonal backstay j 
rods, and this increases the utilitj' of this machine. 

The efficiency of the work of these machinps varies with their 
size, and an output of 1000 cu. yds. of earth can be obtained. 
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ii' very advantageously employed in the 
in which the nmtenals are deposited either 
'■■li or at any point along the line. A 10-ton 
successfully employed by Messrs. Fairell & 
irs for Sections 7 and 8 of the New York 
. for the removal of tlie excavated materials 
the wide trench to tlic surface of the street, 
■luting was employed in that imrtion of the 
:ip Lenox Avenue from 110th to 116th streets, 
ifficauae the crane could be run over tlie tracks 
-t-ar line running verj' close anti parallel to the 



, described by the writer in Engineering 

lat the Industrial Works of Bay City, Mich. 

(ine was made nf steel with sills of 15-in, 

rell connected together, and liat.1 a decking 

Ithe top. The crane ^\-as oix-rated by the 

i train of bevel gearing. To the frame of 

re<l the boxes of the shaft whicli worked the 

!, the load, slowing the crane, and varjing 

B boiler was 42 ins. in <U:imoter and 9 ft. high, 

1 with a jacket of aslxpstos-wool and planishsil 

e boiler carried a coal-bunker with drop-door, 

1 a shoot-steel water-tank. Tlic crane was 

pouble reversilile engine with an S-in.XlO.-in. 

Ible wire roi^e was used in hoiMiiig. The capacity 

franc varied Avith the radiius of the jili, Ix'ing 10 (ons with 

■■. radius, 5 tons with a 2i>-ft. nulius; and if a lonn<T jil) was 

.■rfKK) lbs. with a 38-ft. ratiius. The t()lal wi'ight of tlic cran<^ 

■■:is 06,000 lbs. 

■■■ cost of ^vorking with the loconiolivc cnuio wu.-; found bv 

!-. FarreU & Hooper to he less thiin wiMi any utluT ihciIkuI 

iiitisting. This economic ailvantagci was dui' to th'- rxi^iincc 

llie tracks, along which the crane cmild easily travel aiid willi- 

nt interfering in the least with stn'ct tmllif'. 

Denick. — A hoisting-machine very conunonly i>ni]>liiyi'(I Ly 
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are stiffenetl with trussed rods passing over & crosstree at the 
center of the beams, or else tliey are made of superior material, as 
steel pipes, or latticed beams made up of different pieces joined 
together, which are similarly stiffened with trussed roils passing 
over one or more crosstrees. In this manner derricks have been 
built with masts 150 ft. and booms 135 ft. long, respectively. 

Wire Ropes. ^For derrick work, where sheaves, blocks, and 
drums are necessarily of small diameters, it is necessary to use 




wire ropes of great flexibility, thus avoiding fracture of the wires 
from short bends. They are usually made of six strands, nine- 
teen wires per strand, with hemp center, the wires being of 
crucible or plow steel, the latter being the stronger and also the 
more expensi\'e. The safe working load of the wire ropes is 
usuallv taken as one-fifth or one-seventh of the breaking load. In 
the table on p. 259 are given the diameter, weight, and breaking 
and working loads of the standard steel hoisting-ropes most 
, commonly employed. 

A derrick is able to make three different mo\ements which 
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are regulated by different ropes: viz., the hoisting-, the boom-, 
and the slewing-rope. The hoisting-rope has one end fixed to 
the top of the mast, and the other end to one of the drmns of 
the engine. From the dnrni it goes around one of the sheaves 
of the foot-block, and turning over another sheave located near 
the foot of the mast goes to the top of the boom, where it passes 
over another sheave, goes to support the fall-block, and its end is 
fixwl to the top of the boom. By revolving the hoisting-drum of 
the engine, the fall-block, together with the attached weight, may 
be raised or lowered at will. 

The second movement of the derrick is to raise or lower the 
boom, and consequently to get it closer or farther from the mast. 
This is obtained by means of a sc^cond rojx? called the boom-line, 
which is wound around another drum of the engine, and passes 
around the other sh(»ave of the foot-block; thence to the top of the 
mast, where it turns again by passing over a sheave, and thence 
to and through a block attaclunl to the upper extreme of the 
boom; and tlience again to the top of the mast. By revolving 
the second drum of the engine commanding the boom-line, the 
upper end of the boom niiiy be drawn either near to or far from 
the mast. 

Tlic^ thinl movement of the derrick, which is to slew the mast 
around on its axis, and consequently also the boom with the at- 
tached w(Mght, is usually made by hand. For this purjK)se another 
roj)e, ortUnarily of mimihi, is tieil to the upjxT end of the boom, and 
a workman pulls the boom to th(^ recjuinMl place. Sucli hand move- 
ment, liowover, is too slow and exjKMisive, esjx^cially when a 
weiglit of 2 tons or more is attaclicd to the fall-block, since then 
two or even thn*e workmen are HMjuired to slew the boom. For 
the sake of (^onomv this tliird movement is also made bv machine, 
and then th(» foot of tlie mast is provided with what is called 
a bull-whcK'l. This consists of a largt* horizontal wooden wheel 
furnished with a grooved rim to prevent tlie slewin«]:-line from 
working off. The wheel is strongly brac(Ml to the bottom of the 
mast, and, as indicated in Fig. 1)."), also to the boom to relieve 
the hinges of the boom from siile twists. Two guiding-sheaves 
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e fjlsced horizontally on the foot-block to direct the two lines 
Id the slewing-dnim of the engine. The ei^ine in such a case ia 
proi-iflfd with three drums— one for the hoisting-, a second for 
iJitf boom.-, and the thial for the slewing-ropea. By this .simple 
snau^ment one man at the engine can lift ihe load and slew it 
to ihc desired place in the same length of time that it takes to do 
(inly the lifting in derricks not furnished with bull-wheels. This 
sifwiiig device was at first introduced in the most powerful iler- 
rifks, a.-< those emiiloyed in the excavation of the t'hicago Drainage 
Oiiiai, but it is now tounfl in nearly every work of importance, 
ffheii special thl^e-drum engines are not at hand, the lines of 
itif bull-wheel for slemng the boom are commanded by the winch- 
kids of the two drums, and in such a case the slewing of the 
boom is made after the hoisting has been completed, in.stea^l of 
the two movements being simultaneous, as with the three-drum 
(ngice. 

An enormous variety of derricks is found on the market. 
Swly evbTv manufacturer has liis own particular way of arrang- 
ingtlie sheaves, the top of the lioora iind mast, the foot-block, etc., 
pving rise to the claims of several patents, every one, as usual, 
being considered a great impro\'ement. Really all derricks are 
similarly constructed, and differ only in small details. For the 
sakfof facilitating the description of these hoisting-machines, they 
«illk' dividetl into three groups: viz., stiff-leg derrick, guy dcr- 
tif'k, anil I raveling derricks. 

Stiff-leg Derrick.— This derrick, like any other, consists of a 
venira! mast, and a boom hinged to the foot of the mast. It 
ffisls oil a fool-block which differs somewhat from the one alreafly 
il«mbed, because instead of the two short timliers placed parallel 
Wie to another, the timbers in the stiff-leg tierrick meet at right 
^\ts and are very long; they are calletl sills. The mast is kept 
^ical by means of two backstays abutting, with one end near 
the extremities of the sills, while at the other end are bolted iron 
I^tPs furnished with a pinhole. At the top of the mast there is 
»stH pin projecting not less than 6 ins. in length. The pinhole 
ft Ihe backstays clasps the pin and keeps the mast vertical, and 
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!l aHoTO it to tum around on its axis. Tlie sills and con- 
|UPUlly the backstays being at right angles, the boom can be 
<! tliree-quarters of a circle. 

g derricks are built of any form, dimension, and capacity. 
e most commonly employed in public works have a boom 
;. long, with a capacity varying from 2 to 3 tons. In this 
)f derrick the boom is usually longer than the mast, and it 
e of limber, iron, or steel, and sometimes is reinforced by 
B-rods passing over a crosstree at the center of the beam. 
*";, 95 illustrates a stiff-leg derrick of ortlinary construction, 
F pmvi'ikl with a buU-wheel for slewing the boom, as built by the 
' '^niericnn Hoist and Derrick Company. 

Guy Derrick. — The mast of the guy derrick rests on a foot- 
Wopfc of a similar construction to the one described and illus- 
''ai»l by Fig. 94, and the top is provided with a steel gudgeon- 
PiK. The mast is kept vertical by means of wire ropes or guys 
"pnading radially from the top. In order to keep the most per- 
ft^tiy vertical, it is necessar}- that the ropes be ver>' tight. The 
''Opes are made fast to tlie top of the mast by means of a guy-cap 
^W pidgeoD-plate, as it is more commonly called. This consists 
of a wrought-iron circular plate provided with a circular hold at 
thf {icnter to rtrceive the gudgeon-pin of the mast, and six or eight 
WEail holes arourul the edge and of such dimensions as to aUow 
the passage of the guys. To prevent the breaking-off of the 
*TlPS of the rope either from short, bends or rubbing ag-ainst the 
sharp edges of tlie iron guy-cap, tlie holes are molded into a 
thimhlc shape, as indicated in Fig. %. The other ends of the 




s arc tied to surrounding trees, or else to a short but very 
g beaiD, placed horizontally on the ground, called the dead. 
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man, and kept in place by a big pile of stones. With more pow- 
erful derricks the guys are made light by means of tumbuckles 
attached to them. 

In the guy derricks the boom is usually shorter than the mast, 
and when the guys are very long or when they are tied to elevated 
points, the boom can be slewed through a full circle. Both boom 
and mast can be made of square timbers, or built up of iron beams 
or steel pipes; and when of great length they are reinforced with 
truss-rods and crosstrees. 

Guy derricks are made of any dimension and caj^acity. There 
are derricks with 150-ft. mast and 135-ft. boom, having a capacity 
of 10 tons, while there are others of much smaller tlimensions 
but of 50-ton capacity. Since the mast should be perfectly 
vertical it is more difficult to set up a guy than a stiff-leg derrick. 
The verticality is obtained by pulling the various guys to the 
required point. It takes time and patience to set up guy der- 
ricks. In regard to the cost of the machine this varies with the 
size and capacity. As a rule it can be assumed that derricks of 
ordinar\^ dimensions will not cost more than $200 each. It takes 
nearly six days* work to set up a guy derrick, while only one-half 
or even one-third of this time is required in setting up a stiff-leg 
derrick. 

Fig. 97 shows a hand-power guy derrick of ordinary construction. 

Traveling Derrick. — The other kind of derrick which will be 
here illustrated is the traveling derrick, represented in Fie;. 98. 
This consists of a platform car mounted on a four-wheeled truck 
running on tracks. At the front edges of the car tluM-e an^ 
two vertical i)osts with a crosspiece on top, and this frame is 
maile stiff by means of the backstays provided with iron plates 
bolted at the top of the vertical posts, and at the rear end of the 
car. At the center of the crosspiece of the frame theiv is an 
iron plate cored in the middle so as to receive the gudgeon-pin of 
the mast, which stands on another iron plate inserted in the plat- 
fonn of the car and provided with a hollow cylinder into which 
fits the bottom of the mast. This is made of iron with the flang(»s 
supporting the axle of a sheave and the hinges of the bottom of 
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the boom. Underneath the platform of the car there is another 
sbea^-p. Boiler and ei^ne are located m the rear of the car, thus 




Fia. 97. 

Pfsventing the tipping of the derrick by counteracting the weight 
XtAched to the boom. When excessive weights are raised or 
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lowered, it is aeceasary to insure the stabilify of the apparatus 
by adding ballast on the car. 

The travehng derrick as well as other derricks is capable of 
three movemcnta which, as has been already seen, are made by 
the hoiating-, the boom-, and the slewing-lmes. The arrangement 
of the hoisting-line is similar to tlmt of the stiff-leg or guy derricks. 




^^^^^^^^^^^^^B 



?^^j^^^^^^^^^^^ 



<f¥^^'^ ' *-^ 



while the arrangement of the boom-line is a little different. This 
is attached to a pulley fixed at the top of tlic biwnn, and turning 
around anotht-r pulley attached to the top of thtf miist, passes 
over the first to the top of the boom. It returns again to the 
mast, parsing over a sheave placal at its top, and then ast^umcs a 
vertical direction, turns on another slw^avc inserted above the 
crosspipcc of the fraou^ and goes to one of tlie drums of tlie engine. 
Wlu'U tlie sleeving is done by hand, a tliinl line is inserted at the 
top of the boom; but if it is done by maehine the bottom t»f the 
mast is provided with a bull-wheel. 

Tlie traN-eling derrick, us its name cleaily indicates, is self- 
propelling. Tliis is accomi>lislied by usinp; a doHl)le cylinder and 
doubIe-<lrum reversible engine provided with locomotive attaoh- 
nient for the car-wheels, which is more wonoiuieal tlian to liave a 
special engine for tlie proix'irnig movement of the car. 

In the traveling derrick tlic boom is always longer than the 
mast, and hi ortler to avoid the tipping of the car or the employ- 
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ment of excessive ballast, it is a good practice to use booms not 
longer than three times the gauge of the track. The gauge of 
the track varies from the standard distance of 4 ft. 8^ ins. up to 
20 ft., depending upon special conditions of the locality. 

The traveling derrick is found particularly useful in the con- 
struction of retaining-walls, in laying the foundations of impor- 
tant buildings, in erecting structural ironworks, etc., and in many 
cases it may be made to take the place of several stationary der- 
ricks. It is found very convenient in trench-works, as, for instance, 
in building sewers, laying water-pi|)es and gas-mains, etc. In 
these cases a track is laid on' each side of the trench and the car 
straddles the ditch. 



CHAPTER XV, 

TRANSPORTING EXCAVATED MATERIALS BY .\ERIALWAYS. 

In working through rough and broken country intersected 
by ravines or streams, or through city streets where roads are 
too expensive to constnict or are und(»siral.)le for other reasons, 
the transportation of excavated materials may be very convc^ 
nientlv accompUshed bv means of aeriahvavs. From time ini- 
me^morial aerialways in primitive forms have l)een used for con- 
veying different materials from one ])oint to another by means 
of a rope stretched between two ])oints. The writer, however, 
was suqirised to see in a book written by Dr. Hook, and jml)- 
lished in London in the vear 1092, a contrivance described and 
illustrated which Sir llobert Southwell saw used at l^Jrandc^nburg 
for the speedy conveyance of c^arth to fill up or raise ground, 
etc. It was really a ]xrfect aerialway, and even more compli- 
cated than many of the contrivances recently ])atented. It is 
onlv in the last few velars, however, that aeriahvavs have found 
extensive employment in the transportation of materials for 
mining, industrial, and public works. 

For th(* sake of convenience, under the general name of aerial- 
ways then* an* includcnl hen* all the methods of conveying excavated 
materials in such a manner that the cars, skii)s, buckets, scales, 
etc., instead of running on tracks laid on the ground, are by some 
means suspended and moved on l)eams or ropes suspended in 
the air. According to this definition and in order to revie*w in order 
the various means e)f convevance, these ae*rialwavs are divideel into 
true aerialways and teli)hers. In the first gre)up are includeel all 
aerialways in which the cars or skips containhig the material 
iire me)veel by means of ropes commandeel by engine*s; telphers 
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arc aerialways in which the cars are self-moving on the saspended 
track, being provided with electric motors. In regard to the 
nature of the trackway true aerialways can be divided into two 
groups: viz., transporters and cable ways. They are called trans- 
porters when the trackway is formed by rigid Ix^ams, and cable- 
ways when it is made of rope. Again, both transporters and 
cableways can be subdivided, according to the manner of working, 
into simple transportation-lines, when several cars or skips run 
at the same time on the trackway, and all remain at the same 
fixed distance from the track; and into hoisting- and conveying- 
machines when only one car or skip of large capacity runs on the 
trackwav, thus acting as a means of convevance, and is bv some 
device raised or lowered so as to act also as a hoisting-machine. 

■ Trackwav made up of ( rp _» 

rigid beanu.. '( Transporters. 

Trackway made up of 4 Cablewava. 
Wire ropes. \ - 

Cars provided with electric motors and self- < rr^^^ . ^ 

proi)eUing. \ Telpherage. 



Aerialways. 



Cars moved by ropes 
commanded by en- - 
gines. 



TRANSPORTERS. 

According to the definition giv(*n above, aerialways in which 
the track is composcnl of rigid beams are called transporters. 
Th(\v can be used either as a simple means of transportation or 
as hoisting- and conv(*ying-machines. 

The writer does not know of any transporter used exclusively 
as a nutans of transferring materials from one point to another, 
with the exception of the coal-handling devices, which, up to & 
certain limit, can lx» considered as true aerialways. In fact, they 
consist as a rule of a double endless chain, to which the buckets 
are attached and guided on tracks made up of rigid lx*ams. These 
transporters, although convenient for factories or piers, have, to 
the knowledge of the writer, nev(»r IxM'n (employed in public works 
or in mining. Tlie reason they are not u.*^ed is on account of lx»ing. 
far more expensive* than cableways of the sixme capacity, because 
the trackway, Unng composed of rigid beams, has to Ix* supjiorted 
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every few feet, while cableways can be constructed with spans 
running up to thousands of feet. 

It is a very easy matter, however, to imagine how a trans- 
porter used exclusively for transferring materials from one point 
to another should be arranged. The trackway could be made up 
of two parallel lines, one for the cars loaded with material, and 
the second for the empty cars traveling in an opposite direction. 
A loop at each end of the tracks will join them and make them 
continuous. The tracks should be suspended in some way, either 
to the roof of the factory, shed, or pier; or else held up above 
the ground-surface by means of trestle-bents. On the tracks may 
trav(4 the buckets carrying the matcTials, and they can be in 
such numbers as to be only a small distance apart. Tlie move- 
ment of the buckets may be effected by means of an endless 
hauling-rope turning around two grooved horizontal sheaves of 
great tUameter located just below the loops at the ends of the 
tracks. The movement of th(» hauling-rope is caused by revolving 
one* of the sheaves, and can be regulated by the rapidity of revo- 
lution of the shaft. The buckets could be of the same shape and 
design as those used with the Otto, Bleickert, and similar cable- 
ways, provided with a small truck for running on the tracLs and a 
grip for connection to the hauling-rope. If the line were pro- 
vided with an automatic loading device and an arrangement for 
dumping the buckets, the transporter thus constructed would 
certainly give perfect satisfaction in regard to operation, but not, 
perhaps, in cost, which would be higher than for a cableway. 

Transporters, however, are used as hoisting- and conveying- 
machines, and they not only transfer the materials from one point 
to another, but they lower and raise the bucket or weight between 
th(^ tracks and the floor. These kinds of transportaters are pro- 
vided with only one track, upon which the single bucket travels 
back and forth by means of an endless rope, and is raised or low- 
ered by means of a second rope. Both ropes are commanded by 
a drum on a double-drum reversible engine. 

Lidgerwood Transfer. — Of the hoisting and conveying trans- 
porters, the simi)lest one is the Lidgerwood transfer. This is 
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provideit with a double-track line for the (our-wheeled truck, to 
which is suspended the bucket containing the material to be 
transported. 

The trackway is composed of two rails which can be built in 
different manners; they can be made of two wooden beams pro- 
videtl with angle-iron at the edges, as atX, Fig. 99; or of two small, 




very light rails placed upon longitudinal wooden beams, as at fi; 
or they can be made of two channel-irons upon which the wheels 
of the truck may ran either above the upper Qange, as at C, or on 
the lower flanges and within the chamiela, as at D. In any case 
the trackway is suspended from the ceiling or roof by means of 
hangers, but it could also be easily supported by iron or wooden 
bents. 

The carriage of the Lidgerwood transfer consists of a truck 
resting on four small flanged wheels. The truck supports two 
sheaves around which the fall-block rope carrying the siisjwnded 
load is wound. The body of the carriage varie-s in form, accord- 
ing to the material to be carried. The carriage is moved along 
the trackway by means of an endless carrying-rope, whose return 
is supporteil by sheaves placed between the hangers of the track- 
way. The hoisting-rope is supported by special carriers placed 



210 



EARTH AND ROCK EXCAVATION. 



below the tracks. These carriers are composed of two distinct 
parts held close together by means of springs; one of these parts 
is provided with a sheave. The carriage is furnished with a 
deflector which pulls apart the carrier, and when the carriage is 
well past, the carrier will resume its former position and the hoist- 
ing-rope will then be supported again by the carrier. The 
hoisting-rope carriers are placed at a distance of about 50 ft. 
apart. 

The Lidgerwooil transfer (Fig. 100) is operated by a double- 
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drum reversible engine, one of the drums conmiandin^ thecarrjTng- 
rope, while the ()lh(T tlruiu regulates tlu» lioisting-roi)^. 

Loads of inon* than two tons can bc^ easily handled bv this 
transporter, whieh is found very eoiivenieiit for conveying mat^ 
rials in warehouses, coal-sheds, and coal-houses, but not in public 
works. It has l)(»en described on account of its simplicity, and 
becaase many machines usually (Mni)loye(l in the excavation of 
trenchi»s for sc^wers, water-works, and other i)urposes aw l)uilt on 
the same principle. 
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Moore Trenching-machme. — The trenching-machines, which 
are now so commonly employed by contractors in public works, 
are simply hoisting and conveying devices running upon rigid 
trackways. Fig. 101 illustrate* the Moore trenrhing-machine built 
by the Moore Manufacturing C'-ompany of Syracuse, N. Y. This 
consists of a trackway composed of two light steel rails, elevated 




not less than 10 ft. above the ground, and supported by a series of 
steel or iron bents braced together so us to form a solid structure. 
The feet of the bents are provided with small flanged wheels, in 
order that they may be easily moved along other tracks laid on 
the ground, and on both edges of the excavated trench. 

On Ihe upper track moves the convcying-car, made up of a 
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four-nlieeled truck provided with a platform having an 
space in the center; on this platfonn stands the operator. 11 
front and back of the truck is connected with an endless rq 
wound around the dniiii of a reversible engine, thus allowing 
truck to go back and forth along the upper tracks. The relui 
of the endless carrying-rope is provided for by means of shea' 
located at the liead- and tail-tower of the system, and support* 
also by sheaves inouiitai high on the conveying-car. EitlM 
higher or lower than the sheaves supporting the returning c^rr\'ing 
rope, there are two more sheaves for the support and direction 
the hoisting-rope, which, through the openuig in the center 
the platfonn, may reaeh the bottom of the trench. 

The machine is operated by a double-drum reversible hoistin 
engine, one drum commanding the endless carrying-rope, at 
consequently the movement of the conveying-car along the traol 
way; the other drum regulating the hoisting-rope. The fi 
block suspended to the hoisting-rope carries the bucket, whii 
may descend to the bottom of the trench or be raised to a he 
just below the trackway of the conveying-car. When the bud 
is in this position, the drum of the carrying-rope is put into 
and the bucket moved along the trackway or stopped at anj 
desired pomt, where the bucket discharges its contents either into 
a car so as to tje hauled away, or into the rear portion of the 
trench, where the recjuired work has already been completed. n 

At the front end of the apparatus there is a platform car upofl 
which are mounted the engine and boiler as well as the head 
tower, the tail-tower being similarly mounted on another platfoni 
car at the rear end of the machine. Both the towers and 
bents being mounted on wheels, the mach'me may be easily 
vanced, thus following the progress of the work. The tii 
required for advancing the machme can be assumed at 60 ft. 
five ramutes. 

The theoretical capacity of the machine is one bucket a 
ute; the capacity of the bucket being a cubic yard, the work 
the machine will be 60 cu. yds. per hour. In practical worl 
however, such a result is never obtained, because the work insi 
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le IrencUes proceeds very slowly nn account of the narrow space 
mwKich the men work, and also on account of the strutting and the 
consiruction of the work, for which purpose the trench was opened. 
Tlip Moore, as well as other similar machines found on the 
market, are extensively employed to-day on public works, be- 
causf ihoy greatlv reduce the expense of construction. One of 

H narrow streets. With these machines the earth excavated at 
™ head of the line is conveyed toward the rear and employed 
■" ''ackfilling the trench after the construction is completed. 
">" surplus of excavated materials is directly loaded from the 
™kets into wagons, which may go under the trackway, aa indi- 
'"M in Fig. 102. With these machines the work proceeds with 
'^ greatest regularity, efficiency, and economy. 
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The Brown Hoisting- and Conveying-machines. — Anotlier 
transporter which gave magnificent results in the excavation of 
the Chicago Drainage Canal is the Brown hoisting- and conveying- 
machine, l)uilt by the Brown Hoisting and Conxeying Machine 
Company of Cleveland, Ohio. The machine, illustrated in Fig 103, 
was built to answer all the recjuirements of the work, which were 
to have a traveling conveyor arranged in such a way that the 
material excavated from th(» l)ottom of the proposed canal could 
\)e raised and deposited to a much higher point on the spoil-banks 
located alongside and at some distance from the shore. The 
trackway was made of an inclined cantile»ver supported by a 
central tower. The following description of the machine is taken 
from Emiineerinq of London. 

The BnnMi hoisting- and conveying-machine is carried on 
four tracks of standard gauge by four tnicks of four wheels; the 
distances apart of the tracks b(»tween cent(TS is 37 ft. The tower, 
which is mounted on a i)latform carried by the trucks, is a strongly 
framed structui'e. It consists of two pairs of columns braced 
togetluM*; the front pair of colunuis is 53 ft. in height and the 
l)ack pair 00 ft. 8 in. This diffen^nce in height corresponds to the 
necessary inclination of the cantilever, which is set at an angle of 
12^ 50'. Vpon the platform, between the cohunns, is placed 
the power station, from which all the retjuired mancruvres of the 
cabl(»s, etc., are oi)erated and the power re<iuired for propelling 
the derrick derived. The total l(»ngth of the cantilever is 355 ft., 
which allows an overhang of about 150 ft. into th(^ canal-bed, 
while the farthest point for dumping is nearly 2(X) ft. from the 
edg(j of th(* canal. The h^ngth of travel of the* buckets is, how- 
ever, only 353 ft. The height of th(^ lower end of the cantilever 
above the bed of the canal is 53 ft., and that of th(» upper end is 
93 ft. above* tlu^ natural surface. The buck(»ts, holdhig about 
\\ yds., an* attached to the end of the hoisting-cable and raised 
to the under side of the cantilevfT, when a second and hauling- 
cable transfers them for tlu* whole* length of the cantilever or to 
such a point as may be desired for dumi)ing. This work is |)er- 
fonned in the engine-house on the tower, wh(*re three different 
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motions are used and controllai by three levers. One lever h( 
the bucket from pit to truss, another transfers it to the 
cable and raises it along the truss till, striking the trip, it ai 
matically dumps and then returns to the pit, and a third It 
moves the whole ilerrick along the track. 

The average speed of the cantilever along the track is about 
150 ft. per minute, but as much as 400 ft. per minute has been 
made. The total weight of truss, tower, and 120-H.P. 10J-in.X 
12-in. engine is about 150 tons. The buckets used are of mm. 
and steel and contain 75 cu. ft. water measure. The reconls ofi 
different cantilevers for long periotls of time show the actual] 
workii^ load to be from 1.5 to 1.7 cu. ytls. in place measurementj 
The greatest practical work of this machine was obtained by twoi 
of these cantilevers working in Section 11, which carried GZti 
cu. yds. per day in a totid of forty-nine days worked. Ninvi 
buckets are usually rei^uired for the regular service of these canti-' 
levers and a gang of five men was employe*! for each bucket m 
the canal-bottom. The cost of working the Brown conveyor is given 
as 3.58 cents per cu. yd., including all the wages, coal, stores, and re- 
pairs connected with the running and maintenance of the machine. 

Temperly Transporter, — Before closing this review of aerial- 
ways rimnlng upon rigid tracks it is necessary to mention the 
Temperly transporter, which is one of the simplest and whieli 
is extensively Employed for different purpases. The Temperly 
transporter is a hoisting- and conveying-machine employing 
suspended beam as a trackway. The special feature of this trs 
porter is the automatic carriage of novel design provided wil 
a simple automatic device by which the carriage can be h< 
stationary at various points along its track while the load is being.. 
lifted or lowered, and which sustains the load while the carriagB^ 
is moving. The various movements of the carriage mechanism 
are interlocking. For example, the carriage is not released from 
holding to the beam until the load is released from the carriage, 
and, vice versa, the load Is not released from the carriage u 
the carriage is firmly locked to the beam. Fig. 104 shows 
interlocking mechajusm. 
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The trackway is generally made of a single iron I beam, and 
ihe carriage travels upon the lower flange with two wheels, one on 
each side of the web. The beam is generally suspended by means 
(if guys and can be entirely suspended, or one end may abut 

ii^ainst, a mast or some other firm supj>ort. It may work at any 




angle and the higher end may be either inward or outward. When 
the beam is fixed as in factories, warehouses, etc., it can be made 
of any length, but the portable beam is generally from 30 to 60 ft. 
long. To reach out long distances a tubular boom is preferable 
to the I beam, and in such a case the carriage travels on a track 
Kuded on the lower aide of the boom. In order to stop the 
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carriage at different points the bottom of the lower flas 
the I beam is provided with stops at intervals, iii accordaDCt 
the requirements of the case, usually 5 ft. apart. At any trf 
points the carriage can be arrested at the will of the op( 
and the load lowered or lioisted. The stops on the Ijean 




the manner in which the carriage is stopped are 
cated in Figs. 104a ami 104&. 

The operations of lifting, transporting, and lowering theJ 
are effected by the simple action of hauling in imd paying | 
single rope, and any form of a single-ilrum hoisting-engin 
be used for working the transporter. 
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Tie great success achieved by the Temperly transporter, 
which in the last few years has been adopted by all the maritime 
powers of the world for coaling vessels, should attract the atten- 
tion of engineers and contractors to the fact that it affords one of 
the simplest and most economical means of hoisting and convey- 
ing. The Temperly transporter is built to carry loads from 1000 
to 3000 lbs., it is easily set up and removed, since its weight, the 
carriage being included, does not exceed 1 ton. It is handled by 
one man at the engine, and the work of the machine is from 40 
to 60 tons per hour. 



CHAPTER XM. 

TRANSPORTINCJ EXCAVATED MATERIALS BY CARLEWAYS. 

Cableways are aoriahvays in which the carrier is susix^iuled 
to a rope either traveUng with it or simply moving along it. 
Within the last thirty years this simple and economical means 
of transportation has fomicl numerous iipplicat ions, and it is now 
extensively used in mming as well as in public works. A large 
variety of cableways is found on the market, and since the manu- 
facturers insist on introducing them under the name of the various 
inventors there is great confasion. 

According to Mr. J. Pc^arce Iloce, cableways can be broadly 
divided into two types. First, that in which a plain endless rope 
both susjx^nds the loads and moves them, and second, that in 
which the loads are suspended from nmners drawn along fixed 
cables by means of a separate traction rope. Cablew^ays of the 
first type can l)e divided again into two groups: one in which the 
carriers hang from the rope and move with it through frictional 
contact, and another in which the carriers hang from the rope 
and move with it, being rigidly fixed in position on the rope. 
This is the principle of the Hodgson and Ilallidie systems. The 
cableways of the second type, in which the carriers are suspended 
to a fixed rope and are hauled by a tractioif rope, can be divided 
also into two other groups, as, for instance, into cableways in 
which there is only one rope us(mI as trackway, or into cableways 
in which the trackway is formed by two parallel ropes. Wlien 
there is only one rope, there is also only onc^ carrier, wiiich is 
dra^^^l to and fro by m(»ans of an (Midless hauling-rope. All the 
numerous hoisting- and conveyiug-niachhies which in the last 
few^ years have b(^en ext(Misiv(^ly uscmI in i)ul)lic works, as, for 
instance, the Carson trenching-machin(*, the Locke & Miller, the 
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Finiy, and other cableways, belong to lliis group. Cablewaya 
mav be also made up of two fixed parallel ropes with an enilleaa 
luuJing-rope, so tliat the carriers travel iii one direction and 
rptum in the other. Tiie Otto, Bleickert, I.-eschen, and similar 
amaiways are con-ttructed on thus principle. 

Mi the methods of transportation indicated above are used 
for hauling materials on horizontal or nearly horizontal track- 
ways, but in many casos the tlifTerence of level between the ox- 
tmnp (ttatioiLs of the cableways is great, antl then the cableways 
wi arc known as inclined cableways. Thei^e, however, can be 
niaiip of one lixetl rojie on which the carriers imcontroUed by 
haiiliiiK-n>i>e8 are allowed to run down at a high speed, or else 
milyone carrier is used, and this is controlled by the hauling-rojw. 
Tn the fonner class belong the apparatus called "shoots," and 
to iIk last inclined cableways proper. 

For sake of simplicity cableways will l>e reviewed here grouped 
in Ihp marmer indicated in the following tabic. The limits of 
this Iwok do not allow a long diacus.sion of this subject, but further 
inldrniation can t)e obtained from the catalogues of the sev- 
pml manufacturers, especially that of Bullivant & Co., Ltd., of 
l^iuion. who employ and manufacture the various rojjeways 
ilcaigiied by Mr. W. Carrington, M.lnst.C.E., one of the pioneers 
nnil pcrhaiis tlie most competent engineer in this line of work in 
J^ world. 
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Carrington System. — ^ThLs system in which the endless running- 
rope has carriers hanging therefrom and moving with it through 
frictional contact is descriljed by the inventor, Mr. W. Carring- 
ton, in the following way: 

** This system is provided with a driving-gear at one end fitted 
with a driving-drum, varying from 5 to 10 ft. in diameter and 
arranged with suitable gearing for receiving the power-steam, 
water, or even horse-power in the ca.se of smaller lines. At the 
opposite terminal a similar wheel is placed and provided with 
tightening-gear. Round these two wheels an endless band of 
wire rope is placed. Intermediately between them the wire rope 
Is carried on suitable pulleys of diameter, varj-ing according to 
the size of the rope, th(» former being carried on posts of iron or 
timber, spaced about 200 ft. apart, and of suitable height to enable 
the carriers to clear intervening obstacles, and also to regulate, to 
a certain extent, the general level of the line. Tlie carriers hang 
from the rope* and are enabled to pass the supporting pulleys by 
means of a curved hanger, which, pivoting in the V-shaped saddle 
which rests on the rope, attaches at the lower end to the recep- 
tacle by meaiLs of a hook. Tlie sa^ldle, in an iron frame, is fitted 
with wood or rubber, or com])osition friction blocks, by means of 
which the necessary friction on the rope is obtained, which enables 
the carrier to pass with the rope up steep inclines and over pulleys." 

The frame which carri(^s these friction pieces is fitted with 
two small wheels carried on ])ins attachcMl to it, which are called 
shunt wh<»els, and are em])l()ved for removing the carrier from 
the rope at \\w terminals and at curv(»s wliere shunt-rails are 
placed. Tliese rails are lield in such a position that when the 
carrier appr()ach(\s the terminal, the small wheels engage on it, 
and running up a slight hidine, lift the friction or clip-saddle from 
tlie rope and enable it to pass to wluM'e the loailing and unloading 
is nHjuinsl to be tlon(% or round the curve wIkm'Is. The impetus 
derivecl from the speed of th<* rope (alxnit four miles per hour) is 
sulficicnt to enable tli(* carrier to clear itself automatically from 
th<* rope \vitlio\it (lilliciilty. 

This method (»f eableways i< used for industrial puri)oses, but 
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not in ordinary excavation works; it is advantageously employed 
where the (luantity to be carried does not exceed 1 in 3; where 
the individual loads do not exceed 6 cwt.; and also where the 
scH'tion of the ground does not necessitate spans of greater length 
than GOO ft. Longer spans, steeper inclines, greater quantities, 
and heavier loads can be carried by this system, but not so advan- 
tages msly as by another system referred to hereafter. 

Hodgson and Hallidie System. — The Hodgson's system takes 
the name from its inventor, Mr. Charles Hodgson, who in the 
yc^ar 1868 sccuhmI a patent for this means of transportation. 
This has the driving-gear, the tightening-gear, the endless rope, 
and the i)ulleys, as in the method described above; the cmly dif- 
ference l)eing that the carriers are rigidly fixed in position on the 
endless running-ro])e, and coiLsecjuently they must go wl^ere the 
rope goes. Such an arrangement allows steep inclines to Ix) sur- 
mounted, and a great advantage is that the carriers can go around 
both the* driving- and tightening-gear without the necessity of 




Fig. 105. 

having terminal stations, as in the former case. The driving 
whc^el is generally in the form of a sj)ecial clii>-drum, and the 
t(Tminal wheel, where the tightening takes place, Is arranged so 
that the i)assing round of the carriers is easily effected. 

Tlie unloading of the maUTial is easily done by allowing the 
carrier to strike a catch, causing the buck(^t to capsize or oi>en at 
the l)ottom. The loading, however, is more compHcated, and 
many d(n-ices have been devised for this purpose which chic^fly 
consist in hoppers located near the terminal station discharging 
into th(* carriiTs and moving with them and returning inmiedi- 
ately to their former position so as to be ready for a new carrier. 

The Hodgson and Hallidie system is very convenient for 
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carmng continuously materials over ridges of great elevation, 
and where sudden and frequent changes of level have to be oper- 
ated over. The Bullivant Company, Ltd., aftor 
d(\signs of Mr. Carrington, who was an associate 
of Mr. Ilodgscm, and from whom we have 
obtahied the present description and informa- 
tion, hfus built a ropeway of the Hodgson system 
in Japan, carr^nng materials up a mountainside 
which has an incline of 1 in li, the length of 
Fia. 106. the road being nearly one mile, llie diagram 

given in Fig. lOo indicat(»s l)Oth in front view and plan the man- 
ner of working of the Hallidie and Hodgson systems of ropeway. 
Fig. 106 shows a carrier for use with this kind of ropc^way suitable 
for carrying earth, sand, crushed stone, and in general any rock 
material. 

In Fig. 107 is represented the manner in 
which the buckets are fix(;d to the roj^e in 
the Hallidie system. It clearly shows that the 
loads, \yemg suspended out of the way of tlu* 
rope, can turn around the gears at the extremi- 
ties of the line and pa.ss over the sheaves on 

. ' Fio. 107. 

top of the supjK)rtmg-towers. 

The Otto, Bleickert, Leschen, and Similar Cableways. — These 
are all constructed on the principle in which several carriers run 
at the sanu! time on an endless fixed rope lused jis a trackway, 
while they are moved along by means of an endless haulnig- 
rope. 

nie cable-track is supported at diffennit points, and the entire 
line is thus divided into various spans. In these systeuLs of aerial- 
ways the cables are very tightly stretched, thus securing to the 
loads a comparatively direct path, which means that they are not 
subjected to great fluctuations of rise and fall or wave motion. 
On each liiu* there are two track-cables, one for the loaded skips 
and the other for th(» return of the empty ones. The lines are 
parallel and placed at such a distance as to prevent the carriers 
loaded with materials and mnnhig in oik* direction from inter- 
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fciiiig with thr? empty ones running in the opposite direction. 
As a rule tlie ropes are placet! 7 ft. apart. 

Tlip truck-cable is made stationary by means of intermediate 
supports pkcrd at (li.stancps varying from 150 to 200 ft. apart. 
These consist of high [josts having a crosspieco on top for the 
supjKirt of tlie track-cables. The crosspiece is made stiff by 
two struts abutting against tlic i>osf, and to increase the sta- 
bility of the post two wooden stays are placed so as to enlarge 
its ba.sc. With greater sjjans the supports are on especially con- 
structed towers. Since the cables arc supported continuously 
along thi' line, these cableways can lie mode of any length. Thus, 
for instance, there is a cableway of the lilcickert system in Syra- 
cuse, \. Y., which is 10,500 ft. long, and the one built across and 
o\er the famous Chilcott Pass in Alaska is 9 miles long. Lately 
Li'sehen of St. IjOuIs built a cableway over 16 miles long for the 
transportation of the minerals of the North American Copper Co. at 
Encampment, Wyo. Another long cableway founded on this prin- 
ciple was built b> tlie Otto Company in the year 188S in Spain, over 
a country impassiible to any other means of transportation. It 
was constructed to convey the ore from the Serena de Bedar to 
the seacoast of Gamiche. On this line there are gradients of 1 to 
3, and siians of nearly 1000 ft. 

The end-stations {Fig. lOS) are provided with horizontal 
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sheaves for the continuous revolving of the endless traction-rope, 
which is obtained by comiecting the shaft of one of the sheaves 
with a driving-engine located near by. The carrying rope is con- 
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nected with an iron loop upon which the cars are run after having 
been automatically detached from the traction-rope. The cat? 
are automatically loaded and unloaded, and brought back to be 
attacheil again to the traction -rope. 

The coniplete carrier used with this system consists of a car- 
riage (Fig. 109) which is made up of two grooveil wheels having 
in their middle a pivoted hai^r which 
supports the bucket. The hanger is 
coiBlructed in such a way a** to allow 
the passage of the carriage over the 
sujiports without interfering with them, 
Tlic currier is attached to the traction 
"■ by means of a grip. When the 
s jirrive at either terminal, or other 
si;itiuit, the grips detach automatically 
;ini| the carriages are switched off onto 
till' s!niut-riiils,support.cd by the structure 
I if th(.- -station. It is generally during the 
running of the cars onto these shuDfe 
rail.'' that they are auloniatieally loads 
''"^- '"'■'■ or discharged as the case may be. 

The differences between the Otto, BIcickert.Leschen, and oth( 
similar sy.stenis, although magnified and highly praised by 
various manufacturers, are not important for those who consi 
the cableways from a general point of view of hauling apparal 
The differences chiefly consist in the fonn of carriages and hangeli 
in the grips of the hauling-rope, in the saddles support'mg t]| 
cable-tracks, in the maimer of shifting the carriers from the ropj 
way to the shunt-rails, in the manner of loading and unloadii 
the cars, etc. All these details must be cxam'med with great ca 
by the engineers and contractors before deciding which machti 
to buy, and which would be the most appropriate one in the pa 
ticular case that he has to deal with. 

This system of cableway, in which the carriers run on an endle 
fixed rope and are movetl along by means of a hauling-rope, 
convenient for the transportation of not less than 400 tons 
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I materials per day, and over rough country where the inclinea 

^xceal 1 m 3 auii the spans exceed 600 ft.; and also when the 
KJugic loail of the bucket exceeds 6 c^t. In general, the great 
advantage of this system consists in relieving the traction-rope 
of lit weight of the loads, so that on comparatively level lines 
the lension upon the traction-rope is but little more than the 
tracijve forw required to move the load. In fact on level and 
refidnr grovind tlie motive power necessary to haul one ton can 
be Afsuuied at I II. P, per mile, Aa a rule, these systems of 
trunsportations are very convenient in mining where large quanti- 
ties of material must be hauled every day, and where the country 
is usually so liilly that any other means of hauling will be far 
niore expensive. But they are never uscfi and are not conve- 
"ient in tlie excavation of eartli for public works. 

Tliis system of eablewaya is economical in wear and tear, but 

H^fae first cost is greater than in the other two already indicateil, 

^^^Qlifi will, however, be very efficient when the daily quantity of 

^Pteat«rial to be transported m large, because in such cases the cost 

per uuil of volume of the material will Ije greatly re<iuced. The cost 

•^■f Working a cableway of the Otto syst^'ni of the capacity of 500 

tons jxT day is about Irf. per mile, ami including repairs, interest 

"^ capital, and depreciation, about l^d. per ton per mile. For 

^fiother Otto ropeway at I'^sch in Luxenibui^, which is three milea 

•Q length and transports 300 tons of ore per day of ten hours, the 

^'^^st of transport including all expenses, viz., wages, repairs, inter- 

^®t on capital and depreciation, works out to only 4^rf, per ton 

'^*" IJd. per ton per mile. 

All these systems of ropeways so far reviewed have an inherent 
'If^fect, says Mr. S. W. Wiite, of the firm R. Whit« & Sons, of 
r^ TJdnea, Lancashire, Ei^land, a defect that so far has lai^ely 
ilitatcd against their usefulne-ss. They nmst all go in a tlirect 
ight line from end to end, and if a comer must be turned, an 
igle-station, with one or two attendants, has to be provided, 
1 further, the eairying-rope used (whether on the single- or 
tuble-rope principle) has to be long and strong enough to carry 
I the weight of the whole aggregate loa«:l on the line at once, less a 
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certain percentage for saddle friction, and consequently ropeways 
have only been able to carry Relatively small loads with small 
output. To avoid these inconveniences Mr. White has pat<?nted 
a system in which an* used separate ropes for every span, so that 
heavy individual loads of 1 or 2 tons each can be easily carried, 
and the loads can also turn corn(Ts at every si)an if necessary, and 
without anv extra cost. 

Fixed Cable Track with Endless Hauling-rope. — The method 
of hauling matcTials by means of a fixinl r()i)e in which only one 
carrier is employiMl hanging from it and moved along the cal)le 
by means of a thinner hauling-rope, is more important to engineers 
and contractors, being the only system used in the ordinary 
excavation of earth reciuired for the* execution of public works. 
This method was at first introduccMl by Mr. \V. Carrington, and 
afterward greatly modified and improvcMJ. It will be convenient 
to study th(\^(* cableways in two separate groups. The first 
includ(»s those acting as a simple means of transportation as orig- 
inally derived by Mr. Carrington, and the second includes cable- 
ways operating jis hoisting- and conveying-machines. The cable- 
ways of t\\o first grouj) find convenient employment in the 
industri(»s, but those* of the second that are now extensively used 
on public works. 

The* cabl(»ways of the first group are composed of one single 
fixed rop(* to which one carrier is suspended and is moved back 
and forth by means of an endless hauling-rope. This endless 
rojM' is conmianded by an engine provided with reversible motion, 
so that th(* dircTtion in which the carrier runs may be changed 
by the operator. The* fixed rope is sup])()rted on posts at inter- 
vals of about 300 ft., and tlie hauling-rope* is carried on pulleys 
fitted witli guid(*-bars, placed in the center of the post over which 
th(* carrier passes, the posts being arranged so as to allow of the 
carriers passing through them. The return hauling-rope is sup- 
ported on an outside })ulley mounted cm an arm of each post. 
Th(^ hauling-ro|)e is attacluMl to tlie carrier-head by a peculiarly 
shaped |)endant whicji causes it to pass und(T the saddle Vransom. 

With this system, Mr. Carrington says, inclines up to 1 in 1 
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or oven steeper can Iw worked, spans up to 2000 yds, may be 
operated, and lojuls up to 5 tons may be dealt with. 




Fig. 110. 

Fig. 110 sho^vs the general airanfjement of this kind of calile- 
way, indicating the end lower luid the single 
traveling bucket Bui)i;urtpil by the fixeil 
ro|;e and carried along by the traction rope. , 
Fig. HI sliows the post with fixed ropeiu 
position when the carrier is not passing. 

The single fixed-roi>e cableways used 
in puljlie work.s have only one span and, 
besides the hauling-roi>e which moves the 
carriage back and forth, are provided with 
a second rope liy means of which the load 
can be raised or lowered at the will of 
the ojxTator. These cableways are really ^ 
hoisting- and conveying-niachines, and are ''*^ ~* "* 
found in great numbers on the market with 

different names, as the Floory, the Carson, the Roebling, the 
Locke & Miller, etc. Tliey are all founiieil on the same principle, 
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but vary greatly in their details; some are very simple, as the 
Carson trenching-machine, and others quite complicated, as the 
Locke & Miller; and in order to avoid useless descriptions, only 
these two types of hoisting- and conveying-machines will be 
illustrated here. 

The Carson trenching-machine takes its name from Mr. How- 
ard A. Carson, the chief engineer of the Boston Transit Commis- 
sion. It is called a trenching-machine, because it was tlesigned 
by Mr. Carson while he was general superintendent of the sewers 
of Boston, for the hoisting and conveying of materials to and 
from the bottom of trenches. The Carson cableway is made up 
of a track-rope fixed to the ground and supported by moans of 
two A frames. The track-cable, whose diameter varies from IJ 
to 2\ ins. in diameter, is fixed to the ground by means of what 
are commonly called the dead men. These consist of wooden 
beams from 6 to 8 or even 10 ins. in diameter, and around which 
is looped the rope in the manner represented in Fig. 112. To 




Fig. 112. 

prevent any movement of the beam and consequently of the 
attached rope, the ends of the beams are buried under piles of 
stone or other material. The A frames supporting the track-ro|)e 
are located at the extremities of the system 150, 200, and even 
more feet apart. They are called A frames on account of their 
similarity to the letter A. They are made up of square beams 
0X6 ins. or 8X8 ins., and in the manner indicated in Fig. 113. 
On top of the cap-piecos there is an iron saddle for the support of 
the cable. At the front frame, just underneath the caj^-piece 
and b(*twoen the two inclined beams of the frame, there are three 
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pulleys— one for the hoisting-rope and two for the hauling-rope. 
At the rear frame there is an inclined sheave for the return of the 




Froat 



ik>ar 



Fig. 113. 



hauling-rope; it is placed in an inclined position in order to allow 
the returning hauling-rope to pass on one side of the carriage. 
The front frame is connected with a wooden platform upon which 
is located the boiler and a double-drum reversible engine for 
operating the cable way. 




Fio. 114. 



The carriage (Fig. 114) is composed of two grooved wheels for 
running on the track-cable; the front wheel is the lar<rer, and 
they are connected by means of iron bands. Below the siiiallcr 
wheel of the truck, by means of two vertical iron l)an(ls, is sup- 
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portaJ the large hoisting-sheave with a very small one between 
them for the support of the hauling-rope. while below the larger 
front wheel of the truck there is a small sheave for the support 
of the hauling-rope. 

The hauling-rope is attacheil to the front en J of the carriage, 
and passing over one of the sheaves of the hea«l frame goes around 
one of the <!rums of the reversible engine. It then passes over 
a second sheave of the head A frame, and through the carriage 
over the two smallest whotls. thence over the inclined sheave of 
the rear A frame, and rc*tunis and is u^\ to the rear end of the 
carriage and near the hoisting- wheel. <>ne end of the hoisting- 
rope Is tie<J to the front of the carriage, and it supports a fall- 
block to which the bucket is attacheti, and then passing over the 
large hoisting- wheel of the carriage n* turns over a sheave at the 
head-tower anrl around the second drum of the hoisting-engine. 
By turning either way the first drum of the engine, the. carriage 
is moved back and forth along the rope trackway, and by loosen- 
ing the rope commanded by the second drum the fall-block is 
lowered, and consequently the skip or bucket attached to it can 
be lowered to the bottom of the trench. By reversing the dnmi 
the attached bucket is raised to a convenient height, so that it 
may travel along the ropeway without any interference. Thus 
Carson's trenching-machine is really a hoisting and conveying 
apparatus. 

The efficiency of the machme is assumed at 600 cu. yds. per 
day, and smce the running expenses of the apparatus can be 
assuinfi.l at SIJ, the cost of hoisting and conveying, a unit of 
volume of the excavatetl earth is 2 cents per eu. yd. 

Carson's trenching-machines have Ix^n extensively employed 
in the construction of the New York rapid-transit railway, and 
all thf- subcontractors have unanimously ileclareil that it is the 
siniplr*<t and most economical device for handling earth and rock 
from the bottom of trenches to the ground-surface. 

Tliis siiii|ile hoisting an<l conveying device cannot be employed 
v\ith span.s longer llian 20() or 3<)0 ft. For longer spans it is neces- 
sar}- to support both the hoisting- and hauling-rope, and for such 
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a purpose tlie fall-rope carriers are introduced, and since theae 
are employed at some distance apart there is used another rope 
which is called a button-rope. One of the most complicated but 
extensively used cableways of this typo, which on account of 
its particular construction can be used with spans of even 2000 ft. 
and for carrj'ing weights of even 5 tons each, is the Locke-Miller 
cahleway, whose (Icscription is given below. 

The Locke-MiUer Cahleway.— The following is a description of 
the Locke-Miller [lalent cahleway manufactured by the Lidgerwood 
Manufacturing Company of New York. The main cable is usually 
of steel wire, and ia suspended from towers or A frames, which 
may Iw from 200 to 1500 ft. apart, and the ends are securely 
anchored. This cable is used on a trackway upon which travels 
a carriage supporting a load, which may be either rai-sed or low- 
ered by means of a fall-block. Three additional ropes are em- 
ployed in this style of cahleway, one for moving the carriage 
along the main cable, and called the traversing- or endless hauling- 
rope; another which commands the fall-block and is used for 
hoisting the load, and is called the hoisting- or fall-rope; and a 
third or button-rope, introduced in order to place the fall-rope 
carriers from the carriage at regular intervals along the cable. 



It 






P"io. 11 4(1. 

The power for operating this cahleway consists of a specially 
constructed engine representeti in Fig. 114a. This is provided 
with double cyrmdcrs, reversible link-motion, and friction-drums 
and brakes. Both drums are of precisely the same diameter, but 
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one is narrow and of a curved fomi to receive the traversing i 
eutUess rope, and the other drum is wider and spirally groovt 
for the hoisting-rope. The endless haulii^-rope is turned thn 
or four times around the drum so as to secure sufficient frictSt 
to keep it from slipping in a direction opposite to the one in viha 
the drum is txuTiing, and this hauling-rope, after passing over ti 
sheaves on top of the A frames or towers, is made fast to the froi 
imd rear of the carriage. As the engine is made reversible fc 
turning the drum forward or back, the carriage is pulled aim 
the fixed cable-track in either direction at will. The liauling-n^ 
attached to the carriage is supported by the fall-rope carriers. 

Tlie hoisting-rope goes from ita drum on the engine to Uj 
carriage, and there it connects with the fall-block, usually by 
three-part purchase and in the manner indicated in Fig. 115, 1 
which are clearly shown the various ropes of the Locke-MiU* 
cableway. The hoisting-rope is supportKl by a system of iti 
rope carriers, upon which the successful operation of the whol 
cableway dejiends. These carriers are of wrought iron and ai 
made light and strong and are provided with suitable wheels f( 
tlie support of both the hauling- and hoisting-ropes. They rU 
on the horn on front of the carriage imtil they are displaced b 
means of steel- buttons located on the button-rope, so that eao 
button will pass through every carrier except one, and this wi 
be pulled off the horn of the carriage. As these buttons are locaU 
at regular intervals along tlie button-rope, it is evident that i 
each button a carrier will be displaa'd from the horn of the cal 
riagc as this is passing along, In this way both the hoisting- ai| 
hauling-rnpes are supported all along the line. When the carriai 
moves in the opposite direction, the carriers will be picked up by fl 
projection of the horn on tlie carriages as fast as they are reocha 

Kig. 116 shows the special form of carriage designed for tJ 
operation of the Locke-MJllcr cableway. It is made in a 8U 
stanlial manner of wrought iron, and yet it is comparative 
light. Tlie running-wheels are of cost iron with deep Rang! 
and liave anti-friction bearings so as to rim as easily as ;)ossttl 
on the cable. Tlie hoisting-wheels are also of ciist iron, and < 
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pc diameter, to reduce the wear on the hoist'mg-rope, and also 

'b enable the fall-block to lower as freely as possible. The fall- 

hloct is specially constructed for cableway work, has wTought- 

iroD sides and anti-friction bearings, and is ina^le as light as com- 




H\\>\^' with stn'ii-tli and <n-iT!i:iiilin,i; tin- li.>istiiif;-rupe, SO that it 
"*yt)e easily handled. The purchase used is generally three parts, 
""t it may have one, two, four, or even more parts if necessary. 

The entire operation of this cableway is under the absolute 
'"ntrol of the engineer, who with a little practice can work the 
fsbleway so accurately as to even lay cut stones with perfect 
c»M. It is thus well adaptetl for the construction of daras, long 
^'»\k. breakwaters, etc. It is very valuable in public works for 




i 




on cars with perfect ease and at a speed hitherto unknown. With 
a Locke-Miller cableway, 1350-ft. !*pan, designetl for a 6^ ton load, 
with a steel cable 2\ ins, in dianiett-r, loads of from 7 to 8 tons 
weight were easily handleil at a speed of 600 to 800 ft. per minute. 
The daily cost of working the Locke-Miller cableway is given 
by the Lidgerwootl Manufacturing Company, the builders, as 
follows : 

3 men to operate the cunvcyur, at $1 50 ?4 50 

1 engineer, at $3 50 3 . 50 

1 firt'man. at SI 75 1 75 

1 signalman, at $1 50 1.50 

Coal 4.0aj 

Oil and waste 50 J 

%15A 



travsporti \c F.xt•A^^\TKn materials 

To this amount should be aiKled the wage of a laborer employed 
t" oil aiiil clean the apparatus. This, however, is exclusive of 
th^ cost cif labor for loatling the buckets, an item which cannot 
be chiu-ge<i to the conveyor. On Section 8 of the Chicago Drain- 
agi" Canal a total of 344.175 cu. ytls. of rock were removed by 
thi.* kincl of cableway acting as a hoisting- and conveying- 
machinp. The cost was 3.56 cents j>er cu, yd. 

Movable Cableways. — A great a'lvantage in cftnnection with 

this system of ropeways, in which only one carrier travels back and 

forth on a fixed rope moved along by an endless hauling-rnpe. is 

that the towers supporting the rope can bo jilaced upon wheels 

and consequently the whole machine can be moved in a tlirection 

^ilher paralli'l or perjtendicular to the rope. In such a case the 

two ends of the fixed carrying-rope, instead of being hold in posl- 

f tton by dead-men, as iwUcated above, are firmly fixe*l at the 

^xtreaii?« of the platforms supporting the towers. The Carsona 

tfliuching-machine and other similar simple cableways, when 

•^ivii^ in a direction parallel to the carrying-rope, are very con- 

*'^nient in the excavation of trenches and for laying pipes under 

*^'ty streets, and when movii^ in a direction perpendicular to the 

•^sATrying-ropc aro very convenient for the excavation of canals, 

*"'^*a«ls, and other similar structures having considerable width 

■****'i much greater length. 

^P In the excavation of the Chicago Drainage Canal it became 

p^^^ccssarj' to use some device by which the material could be 

^pidly hoisted and conveyed to the spoil-bank antl yet that was 

***»Riciently portable to travel along the banks lut fast as the work 

P'"0gre-sscd. Accordingly the Liilgerwood Manufacturing Com- 

Pujiy patented a traveling cableway which was very advanta- 

B^ously employed in various sections of that important work, Not- 

^*^ thstanding that Bnffi'neerinp, Vol. LXIII, p. 271, claims that the 

invention is due to a French engineer named Pluchet, who about 

"a.\l a century ago patented a cableway for canal construction 

. w^kh traveJc<l alot^ the banks after the manner of the Lidger- 

I *ood apparatxis, it is highly improbable that the original system 
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was ever used, and credit is due to the Lidgerwood Company 
for the first application of this aystem. j 

It was a cableway of the type being considered, having ona 
fixed carrying-rope and provided with only one large bucket 
whicli could be moved back and forth by means of a haulioj 
rope, and also raised up or lowered by means of a hoisting-rop( 
The span of this cableway was 700 ft. and the load to be cai 
varied from 5 to 8 tons. The heati tower was 92 ft. high ! 
mounted on a car 44 ft. wide and 108 ft. long. Tlie tail tow 
was 72 ft. high and mounted on a car 37 ft. wide and 82 ft. lonj 
These cars were supported on a suitable number of railway whet 
of standard gauge and each car ran on three tracks. In ordei 
to insure pro|»er stability these ears were heavily ballasted witB 
stones on the outside. The tail tower was located close to tb| 
channel, while the head tower was beyond both the ehaniiel and 
ppoil-bank, as indicated in Fig. 117. The ciu^ were niuvotl b:ick 




and forth on the trackway by means of ropes commanded by twd 
small winch-engines. | 

The cableway was of the ordinary Locke-Miller tj-pe ai»| 
perfectly identical to the horizontal fixed cableway describe^ 
above, the only exception being the aerial dump by which the 
loaded skip was dumped wliile moving through the air and pass* 
ing above the spoil-bank. This is clearly indicated in Fig. ] 
taken from an instantaneous photograph. This operation 
obtained by means of an auxiliary rope running from the hoistini 
drum of the engine over the carriage, and attached to the thi* 
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chmn of the skip. As the carriage approached the head-tower 
this rope was drawn in at a higher rate of speed, thus raising the 
end of the skip and spilling the load entirely, at will of the engineer 
and while the c;irriiifio was in niolion. The engine was then 

instantly reviT.T'ii ■a\„\ tlir ''nniitL'!' wr>ii li:irk ovi-r the canal, 




the empty skip which hati resumed its horiKimtal position ' 
lowered antl unftisU'ned, and the chains hookeil to a full skip. 

The daily capacity of thi' movable cableway was about 600 cu, 
yds. of rock [mt day. and the average distance of Uie haul waa 
about 300 ft. The skips contnincd about 2 cu. yds. of stone. 
Single rocks of nearly 4 cu. yds. have been easily handled. The 
cost of hauling the material by means of movable cableways on 
the 8th Section of the Chicago Canal was 3.56 cents per cu. yd. 

Inclined Cablewaya. — All the various systems of cableways 
described are generally employed for horizontal roads, although 
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they are also used on inclined lines; but when the incliniition ia 
too great cableways of special construction arc usually employed. 
Incline<l cableways can be used either as a simple means of trans- 
portation, or as a hoisting- and conveying-niachine ; the former 
are known as "shoots," and the latter are called inchnei] cable- 
ways. 

Shoots. — Shoots, Mr. Carrington says, consist of one fi-ted rope 
placed on an incline on which the carriers, from which tlie loads 
are suspended, are allowed to run down uncontrolled one at a 
time. It is a system of a simple nature, and is used for the trans- 
port of undamageable gnotls. It consists of a light wire rope 
stretched between two points, the elevation of one being consid- 
erably above that of the other. On this, loads from 1 cwt. to 4 
cwt., hanging from a runner tarrying one or two wheels, are allowed 
to run down uncontrolled. At the lower end brushwood, or other 
convenient means, arc provided to absorb the force produced 
by the running load when it arrives at the lower terminal. This 
can be considerably lessened by regulating the sag of the rope 
where the section of ground will admit, so as to reduce the speed 
of the runner with its load as it approaches the lower terminal. 
Such a type of cableway is largely used for the carriage of fire- 
wood, coffee, or other like materials. Spans can be maile without 
support up to 700(1 ft., and all that is required for fixing tlie rope 
is a good anchorage at the upper end, and another with a tighttn- 
ing-gcar at the lower end. Jtopes for this purpose up to 3500-ft. 
spans are used, made in the form of a strand; above this, in order 
to obtain the necessarj' strength with a moderate size of wire, 
ropes are used consisting of several strands formed each of several 
wires. The runners have wheels of small diameter, and are made as 
light as possible in order that, aft«r 50 or 100 loads have been deliv- 
ered, the empty ones may be carried up to the upper end for ft 
further delivery of mattTial, 

Inclined Cableways. — The inclined cableways used as hoisting- 
and conveying-machuies are similar to those employed on hori- 
zontal lines, as the Carson, the Floory, the Locke & Miller, etc. 
with the difference that the two towers supporting the mail 
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cablp are not at the same level. Oa account of tlie peculiar form 
ff llie catcDary cuire of the main cal^le, it is neceasary to intro- 
fluce some airangenienta for holding the carriage at the required 
point, so as tu lift the load when the resistance to travel up the 
Mil^ile Is less than the strain in the hoisting-rope. This is obtained 
'>>" means of a s|>ecially constructed carriage, known as the Harria- 
Miller patented inclined cableway, con.strueted and coutroUed by 
'l»e Lidgerwood Manufacturing Company, illustrated in Fig. 119. 
The carriage Ls provided with hooks and the main cable with fixed 
'■tops. In operation the carriage travels down the cable by 
gravity until it reaches the stop which engages the hook and 




^^^vleases the fall-block, which descends to the ground to get the 
loail. The fall-block with the attached weight is then hoisted 
Xintil the carriage ia reached. The arm of the fall-block then enters 
the carriage and is hooked fast, releasing at the same time the hook 
^Connected with the stop, thus permitting the carriage to travel 
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up the incline. On reaching the top of the incline the carriage 
engages the fixed hook, and at the same time the arm of the fall- 
block is released and the load may be lowered. To descend again 
the fall-block is hoisted to the carriage, and the arm entering it 
is locked fast while the fixed hook which holds the carriage in 
position is released by means of a hand-rope. 

On these inclined cableways there are only three ropes instead 
of five, as in the Locke & Miller cableways; these are the main 
cable, the button-rope for the release of the fall-rope carriers, and 
the hoisting-rope. Also the carriage is much simpler, and is 
designed with special reference to lightness and strength. It is 
made of wrought iron, and the locking mechanism is of steel 
castings. The wheels for the hoisting-rope are of large diameter. 
Fall-rope carriers arc of wrought iron, and their function is to 
support the fall-rope as the carriage descends the incline. They 
travel on the special horn or projection at the rear of the car- 
riage, and when they reach the buttons their further progress is 
prevented and they remain each at its corresponding button, 
and support the fall-rope, until the carriage in returning takes 
them and carries theui up the incline again. The fall-rope carriers 
do not interfere in any way with the automatic locking mecha- 
nism of tlie carriage. On very long spans a scries of carriers are 
used, but up to 250-ft. span only one carrier is required. The 
load for this inclined cableway is 3 tons or less. 



CHAPTER XVII. 

TRANSPORTING EXCAVATED MATERIALS BY TELPHERAGE. 

In the aerial ways just described, the carriers containing the 
materials are moved by ropes. Telpherage is a system of trans- 
porting materials on aerialways, where the carriers are moved 
by electric motors. Telpherage was invented by Prof. Flemmg 
Jenkins of Edinburgh, Scotland, and the name given by him was 
derived from the Greek words reXe and <l>ep(o; tele means far, and 
ferro means to bear or carry. Therefore telpherage means far 
carrying. 

According to this method, the carriers travel along the track- 
way by means of a truck composed of two wheels arranged in 
the same way as those employed in cableways; and they are sim- 
ilarly suspended from the truck. The trackway may be com- 
posed either of rigid beams or cables, and as a rule two trackways 
are employed — one for the travel of the loaded cars, and the sec- 
ond for the return of the empty ones. This system can be com- 
pared with the double-rope system of cableway already described, 
the only difference being that while in the fonner the hauling is 
done by means of a special rope, here instead it is performed by 
motors located on all the cars or simply on a few motor-cars. 

The electric current Is distributed in the manner indicated in 
Fig. 120. Several carriers are connected together so as to form a 
train, and the electric motor is placed at the center. The cable 
does not form a continuous conductor for the current, but is di- 
vided into sections of the same length as the train. Each section 
is separated from the two adjacent ones, and they are connected 
witt those in front and back in the manner clearly shown in the 
diagram. According to this arrangement there are two wires 
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carrying the electric current which cross each other at the extrem- 
ities of every section. Each section of the rope is consequentlj 
charged with a different kind of electricity. The length of the 
train is so arranged that its two extremities will always be on two 
different sections of the rope, in such a manner that they close 
the circuit of the current. When the rear end of the train leaves 
one section which is charged with positive electricity, to enter 
the- succe^ive which is negative, the front end of the train that 
was running on a section of the rope charged with negative elec- 
tricity, will enter the successive one which is positive. Such an 
inversion of the current does not change, however, the direction 

_ . F M -< R 
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Fig. 120. 

of the motor. Consequently a train which travels automatically 
over one rope is never interfered with by the trains traveling 
either in the opposite direction along the parallel rope by following 
trains in the same direction and with little headway. 

Sc^'eral systems of telpherage have been devised on this prin- 
ciple. In the Jenkins, Ayston, and Perry^s telpher the trackway 
is formed by two parallel wire cables supported by posts, and 
wdth the interruptions arranged in the manner indicated in the 
diagram. The carriers move along the trackway, being sus- 
pended from a truck, which is composed of two small w^heels. 
The motor is connected to the electric circuit by means of the 
two wheels at the front and rear end of the train. The motor 
communicates movement to the wheels of the car by means of 
belt transmission. The inventors have devised also a scheme for 
prov(»iiting one train from reaching another by means of an addi- 
tional section, which is open or closed automatically by the cars, 
and wh(Mi a train is on this dead section the circuit is broken off 
and the following train will automatically come to a sudden stop. 
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^H TTiis telpherage system was successfully employed at Glinde 

^Bli a line one mile long, which is still in operation. The motor-car 

I Occupied the center of a t/?n-car train, so that five cars were in 

llie front and five at the rear of the motor-car. Tlie capacity of the 

cars is 100 lbs. e-ach; and they are kept at the same distance 

frpni one another by means of conneeting-rotls. 

Somewhat different from the system just described is tlie one 
used at present and controlled by the United Telpherage Company 
of 20-22 Broad Street, New York, with branches in all the principal 
cities of the worlil. The following description is taken from a 
paper read by Charles M. Clark at the meeting of the American 
Institute of Electrical Engineers, New York and Chicago, April 
25. 1902. 

In rt^ard to the construction of the telpherage system, Mr. 
Clark says that it may be stated that the track is mafle of cable 
cither of standard or lock-coil wire, which latter has a strength 
; approximating 95 per cent, that of the solid bar, or else solid rail, 
either of flat, girder, or bulb type. The cable-tracks are supported 
every hundrwl feet, provided it is convenient to erect poles or 
structures. Where there are deep ravines the span is made to 
I corns?[Kind with the distance, and can be made of any reasonable 
length. In atldition to the track-cable, upon which the telpher 
runs, there is also what is known as the suspension cable, to which 
the main cable is suspended by means of hangers to prevent 
excessive sagging. The sizes of the cable, hangers, and brackets 
vary, depending upon the weight which comes upon each individual 
span. The supjiort is either made of simple poles with a bracket, 
or of what is known as A construction, or of ordinary cross-lients. 
Cable construction costs less than solid rail, except where there 
are many switches, in which cases the prices of solid rail and 
ibie approach each other. In general, for straight lines, cable 
I recommended except where the weight is excessive. 

In aolii.1 rail construction the supports are ordinarily placed 

3 20 ft. apart; longer spans are used if it is not convenient to 

M!t supports. On long spans, the triick consists of a girder-rail 

the tra«k above it. Rimning parallel to the track-rail, 
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either above or at the side, ant! depending upon the amount at 
headroom, are stretched one or more trolley-wires; one wire, if 
the track be used as a return. If, however, it is desired not lo 
ixae the tracks as a retiini, or to use alternating current, Iwo 
trolley-wires are employed. 

According to the construction, telphers are divided into three 
distinct classes^euttT-bearing, side-bearing, and altemate-beu'- 
ing. The center-bearing hu 
iwu motors, one on each side 
(if tlic track; the side-bearing 
( I'ij;. 121} has both motors on 
till' same side, and the alter- 
ii:it(' has one motor upon one 
^iii. of the track, and the oiher 
iiintur upon the other side, but 
iKJi upon the same sliaft. 

Tlie motors are water-prorf 
:ind ilust-proof, antl are com- 
pound wound for automatic 
work. When a telpherniaii gofB 
with the telpher, the series winding is employed. Tliere is also uaeJ 
a special coil to give gri'ater torque when starting. The K'lpbcr 
is placed above the track, thereby keeping the motors from itijut>", 
while there is also no danger of their coming in contact with the 
carriers or being otherwise injured. 

The hoist (Fig. 122) is suspended below the telpher, or sonip- 
times from a trailer drawn by the teJpher. Special effort has 
been made in tlie later designs of hoists to use as little headroom 
as possible. It was deemed Ix'st at first to combine tht- tdpher 
and hoist all in one, but there were so many cases whore it was 
necessary to use the telpher alone without the hoist, and also 
where it was advisable to put the hoist on the trailer in.'it^ad of 
on the telpher, experience has shown it to be better to have the 
telpher and hoist two separate pieces of ajiparatus. 

Two distinct types of brakes are used on telphers, either ti 
brakes or solenoid-brakes, both of which are arranged I 




either hai4| 
;ed to apdM 
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pressure to the wheels or to grip the track. In regard to the 
solenoui-brake it is only necessary to p\]il:iin tlmt il works auto- 
matically, the solenoid being 
placed in series with the arma- 
ture. A spring normally holds 
the brake on the wheel or tlic 
track. If, however, from ;iiiy 
cause, the amount of curri'ul 
piisHing through the solennid v< 
reduceii, whether by mc:Mi> "l' 
external resistance or by rcasnn 
of the additional countcr-fiir 
tromotive force generated ^a- 
the armature due to running; nl 
a high speed, the solenoii! Iir- 
comes weakened and the ImiLf 
is appliei.!. An air-ciLshiun )- 
arranged so that the brake;; w ill 
be applied grmiually. 

It is often athisable, wlirrc 
a large amount of material is in 
be carried, especially over one 
track, to use trailers. These con- 
sist generally of a two-wheeled truck, below vvliii.li l^ &Uf^pended 
a bucket or other suitable form of carrier, or even the hoist, as 
the case may require. It is customarj-, where a larger amount of 
material is to be carried, to arrange a long train carrying as mucli 
as ten tons. The order of procession is first a telpher with four 
or five trailers, then another telpher anil four or five trailers, and 
a telpher at each end. The placing of these telphers at intervals 
greatly adds to the traction, while the distribution of weight over 
the whole span, or over two or three spans, enables much lighter 
—(jonstruction to be used for the same capacity. 

In automatic lines it is necessarj' to provide appliances whereby 

( is impossible for an unskilled operator to injure the telpher. 

U order, therefore, to provide for contingencies, a "dead section" 
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is placed at each end of the line, the middle of the line being g 
erally left alive. Upon closing a spring-switch, the dead sectiol 
is energized so long as the operator keeps his hand on the switcbj 
which is generally only a few seconds, during which time I 
telpher passes to that portion of the line which is always aUve. 
When it reaches the other end it comes upon the dead sectioa 
and then either shoves down of its own accord, or else a mechanic^ 
or solenoid-brake is applied. The telpher then passes under the 
reversing arrangement and it is therefore reversed either with no 
current in the line, or else with a high resistance. If the- tclphec 
is at the further end of the line, the operator at the near end, by 
closing a switch, can bring it back to hini. The dea«.l sections at 
the end of the line, which only have current so long as the hand is 
held upon the spring-switch, render the line as safe as possible 
against the telpher coming in contact with the tenninal poat3. 
An automatic block system prevents collision of telphers. 

In regular service the speed varies from 300 to 800 ft. per min- 
ute up to 20 miles per hour, or even more when required, Th* 
lower speeds are used when the lines are short, and where there 
arc many curves, particularly for factory and foundry work. 
For lines running across the country a speeil in excess of 20 miles 
per hour can be obtained, but with the higher speeds the coat of. 
the construction increases, ct-rtain special devices being nece^ary. 

Although the amount of power can be easily figured out, j 
it is somewhat in the nature of a surprise when we consider that 
to carry half a ton on a level track, at a speed of 6 miles per hour, 
much less than a horse-power is required, including all losses. 
The absence of gearing, the motors being attacheii directly to 
the driving-wheels, gives the highest efficiency possible, as well ai 
freedom from noise. The actual power consumed at 6 miles pa 
hour for 1000 lbs. on a level is only 0.16 H.P. It is-therefore seen 
that ample allowance is made for losses and extra weights ncrt 
provided for in the load, such as down-comes, buckets, or carriers 
The power required increases greatly with the grade, and whei 
this reaches certain limits it is deemed advisable to use gears ii 
order to reduce the weight of the motors. 
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An important feature in telpherage is the capacity ot the line. 
Then? are two factors of special importance in relation to the 
capacity of the line; first, the 8i)eetl; and secomi, the number of 
telphers and trailers. The line can he laid out with one telpher 
and a few trailers. More telpliers or trailers may be added, and, 
if U|>on a single line, coupled in long trains. If it is desired to 
iiicreiise still further the capacity, the line can be made double; 
while, if deared.the carriers may also be made continuous, so as 
lo tiike boxes and barrels, or any other material, as fast as they 
can be deliveretl to the carriers of the telphers and trailers. 

The flexibility of telpherage in regard to capacity is wonderful, 
uiil is a most important feature. In fact, it may be said that 
tliere is practically no lunit to its flexibility. It is recorded even 
i capacitj' of 250 tons per hour carried on a luie half a mile long. 
There is no other means of transporting materials which can be 
operated so economically, cheaply, and in so thoroughly satis- 
factory a manner as telpherage. 

Telpherage has been very successfully employed as a means 
of carrj'ing materials from one part to another of large and exten- 
sive factories, in carrying coal and ashes in power-houses, in con- 
vejTiig the proilucta of farms and plantations, and in the trans- 
portation of ores in mining. In general, it may be said that 
wherever material is to be carried to a distance, there is no powi^r 
so flexible, so economical in first cost of installation, costii^ so 
iittlf for power or the expense of maintenance, and witli such 
great capacity, as telpherage. 

Notwithstanding the United Telpherage Conipsmy states that 
this method of transportation of excavated materials can be advan- 
tageously employed in the construction of roads, railroads, and 
canal-s, it has not yet enjoyed the favor of the engineers and con- 
tractors. The wTiter has no knowledge that it has ever been 
employed on public works, with the exception of an aerialway 
provided with an electric motor which was used on some sections 
of the New York rapid-transit subway. It was inventeil by 
Mr. W. F. Brothers of New York City, and can be considered 
amcoig the telpherage systems more properly than under cable- 
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ways, because the single skip is hoisted and moved back and 
forth along the cable-track by means of electric motors instead of 
being moved by hoisting- and hauling-ropes. This special electric 
cableway is illustrated in Figs. 123, 124, and 125, and was de- 
scribed in Engineering News as follows: 

One of the unique features of this cableway is the manner in 
which the main cable is supported. It is fixed at either end to an 
inclined A frame, which is free to swing up and down, and Is 
loaded by a weight hanging at its outer end. The cables sup- 
porting the weights on the A frames are of such a length that 
both weights cannot rest upon the ground at the same time. The 
proper magnitude of these weights is known from the deflection 
of the main cable when the latter is hanging freely. 

When the carriage travels away from one of the shears, the 
main cable sags and the weight at that end rises, but when the 
carriage returns the change in the inclination of the main cable 
at the point where it is attached to the shear is sufficient to give 
the weight a preponderance, and it sinks. 

This may be understood from the triangle of forces in Fig. 
123. Let AB be the force exerted by the weight hanging verti- 




Fio. 123. 



cally; it is constant in magnitude and direction. BC will be 
the tension in the main cable, and CA the thrust in the A frame. 
If the inclination of BC now changes to bC, AB will be greater 
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than Ihe re:»ultnnt of bC and CA, and will pull the end of the A 
Itamc down until a new position of equilibrium is reached, as 
indicated by the triangle BCA. Tlie work done by the falling 
wei^t is expended in lifting the load on the carriage so that the 
motor is assisted a certain amount as it approaches the A frame. 
.Walso on aecoiint of the automatic lowering of the latter there 
if lii« lotftl work to do. An important advantage of this arrange- 
niMit is that the skip may be brought out beyond the point of 
flijiporl of the A frame, as can be seen in Fig. 124. The maehiue 




is operated by electricity, and the electric motor is mounted directly 
on the traveling carriage. The operator rides on the carriage 
anil controls the operations of hoisting, conveying, dumping, aiwl 
lowering by a system of switches. The electric motor which jxr- 
fomis the work of hoisting and conveying on the carriages is of 
15 H.P. capacity, and is provided with the usual switches, rheo- 
stat, and other controUing devices. A reversing-switch enables it 
to drive the carriage in either direction. Upon the end of the 
motor-shaft is mounted a friction-pulley which may be caused 
to engage and drive either of the two large wood-rimmed pulleys 
to be seen upon the farther side of the carriage in Fig. 125. The 
shaft of the upper large pulley carries a pinion which engages 
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wilh U'pth nn the [leriphery nf the two travpling-whcels. 

r;ito3 by worni^earing the (.Iniiual 
ii|ioii which are wminii the cable 
I'rnni which the skip is suspended. I 
Those (Irunis may be worked mde- ' 
poniiently, and in that way ihe ' 
skip may 1» diiniped. The motor- 1 
vath hoist antl carry a skip-load of I 
(ilioiil three tons. The current is ] 
I( il to the motor by a wiial! troUey- J 
wire strung below the niain cable^ 1 
anil whicti may he xeen paseini^ I 
over ihe Iwo small wheels at the 
side of ftie carriage. The main 
cable carries the return curnuit. 
The main cable would usually be 
groundcii, but in the installation 
of this system on the Section 11 
of the New York mpid-tranail, 
F'G- 125. whicli is here illustrated, a 220-volt 

direct current w.is taken from the Edison three-wire system. 
This necessitates insulators in the hoistii^-ropes leading U) the 
skip, whieh in the present instance are short pieces of manilla 
rope. 

The advantage of this eableway is' that one man does the 
work which requires two or more men in other types of trench- 
machines. Besides, the ojierator is located close to the skip 
which is being moved, and he can direct the movements much 
more easily than when he is located some distance away, as is 
the enginenian operating the common steam trench-machine.' 
Another advantage is that the A frame may be mounted u] 
wheels. If one is so mounted and the other end of the cable n 
fixed, the frame may be nia<le to travel about on a circular trad 
having the center of ctirvature at the fixed support. In 
way a large area may be covered. In a similar manner bol 
frames may be mounted upon wheels rmming upon parallel traci 




TRA?WPOIlT!NG EXCAVATED MATERIALS BY TELPHERAGE. 253 

The work of this machine is given by the inventor anfl manu- 
factun-rs at 4 r, per cu. v<!. nf parih cxruvated. This machine could 
be conveniently employed for several purposes on public works. 
t>n account of the special arrangement of the A frame just indi- 
cateil, it is very valuable in the excavation of small distributing 
resen-oirs and of large canals in which the excavated material 
has to be dumpefl in some place alongside its edges. One of 
thfsc machines, with a span of over 100 ft., was used by Mr. John 
Shield, the contractor for Section 11 of the New York rapid- 
transit railway. It lias given perfect satisfaction in all the 
points claimed by the inventor, but Mr. Shepard. the engineer for 
Ihc contractor, states that in the present form it is a little too 
slow for the handling of earth, while it is the best device that 
coulil be adopted in the construction of dams where all the vari- 
011.S. stones could be set by the operator in a more correct, and 
also in an easier and ((uicker manner than with any other means. 

Telpherage can be used also in excavating and leveling, in 
preparing road-beds for riiilroiiiis, as it is shown in the accompany- 
ing diagram (Fig, 126). In sudi a case the funption of tlic telpher 
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I to transport the hoist, bucket, and load. The hoist does the 
Dccavating and elevating. The hoist automatically brakes itself 

hher upon the girder-rail or grips the cable as soon as there is 
Iny longitudinal strain. 

Although the excavation can doubtless be done by mean.s of 
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telphers, the writer does not know of any instance in which tel- 
phers have been employed for such a purpose; while, on the 
other hand, movable cableways have been used with splendid 
results. Thus on Section 9 of the Chicago Drainage Canal the 
excavation of the surface material was made by a large scraper 
commanded by movable cableway, which was designed and 
patented by Charles Vivian and controlled by the Lidgerwood 
Manufacturing Company. It was adapted to deal with soft material, 
which it did very efficiently, and has been successfully employed 
since for handling sand and gravel in the excavation of canals and 
for railroad work where a deep cut and fill adjoin each other. 

The Vivian scraper is made of steel 5X5X2^ ft. and having 
a capacity of about 3 cu. yds. It is filled, conveyed, and dumped 
by means of ropes moved by an engine located at the rear of the 
spoil-bank. The ropes are supported by two high wooden towers 
provided with sheaves and head-tackle. The engine and boiler 
as well as both towers are mounted on cars in order to follow the 
work. 

The Vivian scraper is operated in the following way: The 
endless running-rope of the cableway attached to the rear of the 
scraper is pulled until the scraper stands at an angle of about 45® 
with the ground. The drag-rope connected to the other drum 
of the engine is then put into gear, and the scraper will be pulleil 
along. The endless rope is controlled by the brake imtil the 
scraper is filled, then the endless rope is slacked off and the scraper 
hauled to the spoil-bank by the drag-rope. To dump the scraper, 
the drag-rope is thrown out of gear and the endless rope into gear, 
upsetting the scraper, which will unload its contents. TVTien 
emptied the engine is reversed and the endless rope will return 
the scraper to the cut, allowing the drag-rope to overhaul. The 
Vivian scraper is operated by three ropes — one l^-in. drag-cable 
which drags the loaded scraper, and two J-in. ropes, one of which 
dumps the scraper on the spoil-bank, while the other, called the 
out-haul rope, returns the scraper for another load. These two 
latter ropes wind on the opposite side of the same drum. 

Fig. 127 shows the Vivian scraper loaded and dragged toward 



TIt\NSPORTING EXCAVATED MATERL\LS BY TELPHERAGE. 256 

the spoil-bank, and Fig. 128 shows the tail-tower of the scraper 
as it was used at Massena, N. Y., by the T. A. Gillespie Company, 
Contractors, for the canal of the St. Lawrence Power Company. In 




Vivian Scraper ■ 
Fig. 127. 

tlie Chicago Canal 500 cu. yds. of earth were often removed in a day, 
but the ([uantity of the excavated material chiefly depends upon 
the (luality of the soil and the dimensions of the scrapers. Tlius 
at Massena a greatf^r efficiency was obtained from a scraper 7 X 7 ft. 
But it will be safer to calculate at 500 cu. yds. per ten-hour day's 




Scraper 
Fic;. 128. 

work the quantity of loose soil excavated and deposited on the 
spoil-bank by means of the Vivian scraper operated by a moval)le 
cableway. The daily running expenses for excavating and haul- 
ing earth by means of the Mvian scraper are given by tlie daily 
consumption of coal and the recjuired labor. This consists of a 
crew composed of 1 engineer, 1 fireman, and 2 signalmen. 



CHAPTER XVIII. 

CHAIN'S, ROPES, BUCKETS, ENGINES. AND MOTIVE POWEK. 

Ix concluding the description of the various machines used 
for excavating and hauling it is desirable to devote a few words 
to ropes, buckets, hoisting-engines, and motive power, which 
have already been mentioned on several occasions. 

In the st^am-shovel and crane the hoisting is usually done 
by means of chains. These are formed of several links insertetl 
into one another at right angles. Each link is made of an iron 
rod with a diameter varjnng with the work expected from the 
chain, but generally from { in. to 3 ins. They are bent and welded 
into the form indicated in Fig. 129. Chains have the defect of 
wearing off vcTy easily, and this is due to the great friction to 
which they are subjected in passing over the sheaves and drums; 
they become weaker and weaker until they are condemned or 
break. Chains recjuire to be lubricated continuously. 

Lately the V. \V. Hunt Company of New^ York have introduced 
onto the market a laminated chain (Fig. 130) which is notable 
for strength, economy, durability, and smoothness of action. 
The* links in tliis chain are Hat, are punched from steel especiallv 
rolled, and are connected together by means of rivets. By its 
sp(*cial construction the chain afifords a great resistance to wear 
and \f.]\ and is articulated so that it can easily be wound around 
(h'uins. They, however, cannot be wound on a parallel drum, 
but must be wound in a spiral. Engines are constnicted with 
(Iruins wi(l(^ enough to wind the laminated chains in a single coil. 
Th(' advantages of this chain are that there is no danger of break- 
ing without warning, that they are more economical both in 
maintenance and repairs, and that any man in a half hour's time 

256 
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igthen or shorten the chain or remove any part anil insert 
ipi^Ti- iu its place. If an examination of the chain is wanted, 




t-head is cut off and the chain taken apart, A new rivet 
Bnediately make the chain good again. 
the la*t twenty years ropes have acmiired a great importance 
JDeeriiig and mechanical works, both for hauling purposes 
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and for transmission of power. They are usually manufa?ture<l 
from two materials — steel or iron wires and Manilla fiber. 

Manilla rope is made from the fiber of the Aloe plant, which 
grows only in the Philippine Islands. The tnmk of this plant, 
which resembles the banana-tree, is closely enfolded by long leaves, 
and from these leaves is procured the fiber so wonderfully suited 
to the requirements of rope-making. This fiber varies in length 
from 6 to 12 ft., and in some leaves attains a length of 18 ft. Its 
tensile strength is remarkable; official t«sts at Watertown, Mass., 
have proved it to be in excess of 60,000 lbs. per sq. in. Tliis 
great strength, however, is shown only when the fibers are sub- 
jected to a longitudinal strain. Transversely, owing to their 
cellular formation, tlie fibers are relatively weak. Transmission 
rope is made with three, four, or six strands; the last two have 
an inner core, or heart, around w^hieh the outer strands are laid. 
Manilla ropes are used extensively for the transmission of power 
as substitute for the leather belts, and their description has l)een 
taken from the little book on rope transmission published by the 
American Manufacturing Company, of New York. Although 
Manilla ropes are very useful to the contractors, yet in connection 
with excavating and hauling apparatus only wire ropes are used. 

Wire rope is made of wires either twisted together or laid 
parallel to each other. The latter kind is employed only in large 
suspension bridges, while the former is in general use. There are 
two forms of wire ropes, flat and round. Flat-wire ropes consist 
of a number of wire strands which have been laid side by side 
and sewed together with annealed wire. Round ropes, which 
are the most commonly employed, are composed of a number of 
wire strands twisted around a core of hemp or around a wire 
strand or wire rope. The standard wire rope is made of six wire 
strands and a liemp core; this arrangement affords the most con- 
venient and compact form, as the strands and the core are prac- 
tically all of the same size. The core of a wire rope l«?, as a nde, 
honip saturated with tar. It provides little additional strength, 
but acts as a cusliion to preserve the shape of the rope and helps 
to lubricate the wires. Wire strands are made of wires twisted 
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together. The number of wires commonly used are four, seven, 
twflve, nineteen, aiid thirty-seven, depending upon the nature of 
the work for which the strands are intended. Ordinarily the 
wires are twisted in the opposite (.iirection to the twist of the 
Lstroniis in the rojje. 

The strength of wire ropes depends chiefly upon the material 
r whieh the wires are made. As a rule it can be assumed that 
* only 80 per cent, of the aggregate strength of all of its wires, 
rilus the strength of the iron wires ranges from 45.000 to 100,000 
1. per s<|. in . ; open-hearth steel from 50,000 to 130,000 lbs. per 
. in.; crucible steel from 130,000 to 190,000 lbs. per sq. in.; and 
plow steel from 190,000 to 350,000 lbs. per sq. in. The working 
1(1 is usunlly calculated at one-acventh of the strength of the 
rire rope. This factor of safety, however, should be modified for 
"cial cases; thiis, for instance, elevator ropes seldom have a 
I of more than one-tenth or one-fifteenth of their breaking 



The following table taken from the catalogue of the American 
Hoist & Derrick Co. gives the tensile and working strength of 
Brarious ropes; 
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But wire ropes are not always used to hoist the materials in a 

vertical direction; they may be employed for hauling materials 

1 inclined planes. Messrs. A. Roebling & Son give the following 

Lble in which the strain produced by any load can easily be 
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calculated* It gives the strain on a rope due to a load of one ton 
of 2000 lbs. allowing for rolling friction. An additional allowance 
for the weight of the rope will have to be made. 
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In the preceding chapters it has been seen that wire ropes 
are used in public works chiefly for two different purposes, either 
for hoisting or as tracks for the aerial ways. When used for the 
latter purpose, they have the same construction as when em- 
ployed in hoisting, except that the strands contain more wire 
and the diameter of the rope is usually greater than 1 in. There 
is no doubt that thc^se wire-rope trackways are liable to wear off 
very easily, and when the outside wires are worn out, the rope 
bocoiues useless and must ho discarded. Besides, the twisted 
win* c()Mii)Osing th(» strands form an irregular surface which results 
in wear and a great waste* of force in hauling. 

To avoid these objections a track-cable of special construction 
has been invented and })at(*nted. It is known on the market as 
the "])atent locked-coil cable," and it was so called from the fact 
tliPt the outcT wires are of such shape that they interlock wuth 
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each other, as shown m Fig. 131. They present a smooth surface 
and yet possess sufficient flexibility to be shipped in 
coils. With this cable are obviat<-ci the difficullies 
resulting from fractured wires and uneveo surfaces, 
while the wearing nf the carriage-wheels will be a 
niiiiiniuni. This cable is made of steel in lengths uf 
from SOO to 1200 ft., which are jouied by pat^^nt 
couplings. Tliey have been capeciuUy constructed to 
he used as Inickwaj's in connection with the Bleiekert 
cableway, contnilled in this country by the Trenton 
Iron Company. The track-cabica are graduated to 
Uie loads and preasure they havp to sustain, and, 
beint; .stationary, possess the great advantage of re- 
lieving the traction-rope of the weight of the loails, 
80 that on comparatively level lines t he tension upon 
the traction-rope is but little more than the tractive 
force required to move the loads. Fi"- '31. 

Tlie author has found that these ropes are more expensive in 
first cost, and also very expensive, owing to the fact that the 
wiiole rope becomes entirely useless when only one of the inter- 
locke<l wires gets out of place. It is true, however, that on account 
of the smooth surface smaller force is reijuired for hauling the 
carriage, and both the tniek of the carriage and the rope itself 
are subjected to less wear. 

The manufacturers claim that laminated chains never wear 
out in the onlinary sense of the terna. The wear is greater on the 
working end of the chain than on the drum end. A piece 5 or 
10 ft. long is cut off on the working end when it shows wear, and 
a corresponriing length of new cliain is riveted to the drum end, 
[_Thus the chain advances forward step by step, the engine end 
eing always new and the working end the most worn jiart. The 
Hlvanlage from this facility of repair or renewal of a worn part 
l:bj' the engineer in charge, together with the great durability in 
[ service, makes the exjiense of laminated chain per ton of material 
I hoisted a sum insignificant when compared with steel-wire rope 
|lhat must, be wholly thi-own away if one part is worn too much 
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for safe hoisting. Laminated chains are built in three different 
sizes, and their breaking strength and their equivalent strength 
as compared with wire ropes are given in the following table: 
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Skips. — The materials which are raised from the bottom to 
the top of tlie excavation by means of hoisting- and conveying- 
machiiies are placed in receptacles or skips of different foniis, 
varying with the (juality of the material removed and the special 
conditions of the work. The most conmionly employed recej)- 
tacles are scales and buckets for earth, and grabbing-chains for 
stones. 

Scales. — Scales are usuallv made of wood reinforced with iron. 
They consist of a scjuare platform 3 ft., sides surrounded by boards 
IJ ft. high on three sides. Attached to the platform and in the 
C(»nter of the open side of the scale there is an iron ring, and two 
similar rings are provided at the top of the rear end of the two 
parallel side-boards. The scale is lifted by placing in these rings 
hooks attached to the end of a svstem of three short chains, which 
are suspended to th(» hoisting-block. On account of this arrange- 
ment, in hoisting the scale the material that it contains will gravi- 
tate toward the interior, thus preventing it from spilling from 
th(» opcMi side. The unloading of these scales is very simple. 
W'hvn {hi' dumping-place has been reached, which may be either 
a wa^oii, a car, a bin, or the spoil-bank, the scale is low-eretl so as 
to rcli('V(» the chains of the weight, then the front chain is rt^ 
ihovimI from the ring and the scale is slowly hoisted. Being 
th(Mi attached only by the rear rings this part will l>e raised while 
th(^ front will continue to remain at rest, and consequently the 
niat(M'ial will rush to this side and the scale will empty its contents 
into ilic HMiuircd place. 
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Scales are subjected to a great deal of wear Jiiui, esj^iecially 
when handling- rocks, they are easily destroyed. In such a caj^e 
it is more convenient to have them niaile of steel, like those used 
in the construction of the tunnels under Park Avenue for the New 
York rapid-transit railroad. Here the scales employed were 
4x4x2 ft., and were made of steel and reinforced pieces of iron. 
The scales were placed on lop of platform cars and loaded with 
material at the front of the excavation, and hauled to the 
.torn of the shaft from which they were raised to the surface 
means of stiff-leg derricks, and the material they contained was 
iped into specially constructed bins. 
Scales can also be automatically dumped in the air, as is clearly 
lown in the reproduction (Fig. 118), from an instantaneous 
photograph. This manner of dumping was employed in the 
excavation of the Chicago Drainage Canal, and the scales were 
attAched to the hoisting-rope of the hoisting and conveying cable- 
ways stretched across the canal and over the spoil-banks, which 
were located at one side of the canal. The aerial liunip of the 
scale was obtainwl by means of an auxiliary rope, running from 
tic hoisting-dnim of the engine over the carriage, and attached 
to the third chain of the skip. As the carriage approached the 
head-tower and the scale was just above the spoil-bank, this 
auxiliary rope was drawn in at a higher rate of speed, thus raising 
tbc end of the scale and spilling the load at the will of tlie engineer 
while the carriage was in motion. The engine was then in- 
itly reversed, and the carriage went back over the canal, the 
empty scale which hail resumed its horizontal position was low- 
ered and unfastened, ami the chains hooket! to a full scale. 

Buckets. — In connection with cablcways, especially for hand- 
stone and other material in sewer and general construc- 
work, steel tipping-buckets are commonly employed instead 
ales. These are of the form indicated in Fig. 132. The body 
le bucket is made i>f steel sheet reinforced at the edges; and 
bottom is narrower than the top, so that its longitudinal cross- 
in is in the form of a trapezium, with the longest of its parallel 
on top. A heavy steel handle in the form of an inverted U 
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is bolted to the body of the skip in such a manner that the sfa 
can revolve around these points of supi)ort. They are so f 
anced that they are top-heavy when full, and bottom-heavy w 
empty, consequently they are self-iluniping and aeif -righting, 
prevent their overturning when loaded, there is a spriiig-lateh t 
the outside of the bucket, which is opened by a man when th 




bucket has been brought up to llir jminl ui ilmnpirig. The mat<!ri 
then descends along the inclined side of llic liucket as in a chuta 
and once liberateii of the load the bucket raises automatically a 
the latch catches into position again. 

The following table, taken from the catalogue of G. L. Stuebneu 
gives the dimensions of the various steel buckets manufacture 
Of these, however, only those marked 125, 127, 129, 130, and 13| 
are usually employed in excavations for hoisting materials. 

From this table it is seen that with buckets of 1 cu. yd. cap» 
ity, which are those most commonly employed in earthworks, the 
height of the bucket is about 30 ins., and coiLsequently the shoveler 
must make a greater effort in loading a bucket than a scale, sinca 
every shovelful must be raised at least over 30 ins. instead of onljri 
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Table op 


Sizes op Tipping-buckets. 




Sise No. of 


Capacity in 
Cubic Feet. 


Length of Bucket Width over all 


Depth 


Bucket. 


in Inches. in Inches. 

1 


in Inches. 


123 


6 


33 


26 


19 


124 


8 


36 


27 


22 


125 


10 


41 


30 


24 


126 


12 


42 


33 


25 


127 


14 


48 


33 


27 


12S 


18 


4« 


37 


29 


129 


21 


48 


43 


30 


130 


27 


46 


46 


31 


131 


27 


53 


43 


29 


132 


36 


58 


54 


33 


132 


42 


(')() 


58 


33 



18 ins., as in the scale. Now, since the work of men is limited to a 
certain number of foot-pounds per day, the smaller the effort re- 
quired to raise the material for loading the skips the greater will he 
the efficiency of the work. From this point of view scales should 
always be preferred to the buckets when no other circumstances 
require the employment of the latter. Buckets, however, are 
more lasting and easily handled by the men than scales and for 
this reason they are preferred. 

Grabbing-hooks. — It Is too expensive to break into small 
fragments the large stones detached from the bank by blasting, 
so that they may be placed either in scales or buckets. It is more 
convenient to raise these large stones to the surface without l)reak- 
ing them, and this is accomplishcMl by means of grabbing-hooks. 
These consist of two steel hooks of the fonn indicated in Fig. 133. 
Each hook is provided with a ring so that it may slide on a chain 
made with short links. The chain is attached to the hoisting- 
rope of a derrick or cableway, and is lowered to the place wherry 
the large stone stands, then the laborers place the hooks one oi)po- 
site the other and in such a way as to grab the projecting parts 
of the stone. The hoisting-ro])e is drawn up and the chain pulls 
the hooks together, so that they firmly hold the stone which will 
be brought up to the surface and removed to the required place. 
To detach the hooks, the hoisting- rope is lowered until they are 
released. 
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Hoisting-engines have already been mentioned several times 
in the preceding chapters. These are constructed with drums 
running in either direction, and are called reversible engmes. 
They can be operated by a single cylinder or two cylinders, and 




are then known either as single- or double-cylinder reversible 
engines. 

The single-drum reversible engine, either with a single or 
double cylinder, is used in connection with cableways of the Otto, 
Blieckert, and similar systems, and also for mining purposes, but 
very seldom in public works. Double-drum reversible engines 
are very conunonly employed in engineering works to operate 
derricks and cableways. Three-drum reversible engines are now 
constructed to operate derricks provided with bull-wheels for 
slewing the boom. Since the single-drum reversible engine, as 
well as the one with three drums, is not common, only the 
double-dnmi double-cylinder reversible hoisting-engine will be 
illustrated here. 

Engines can be operated either by steam or by compressed 
air. They are now constructed also so as to be operated by elec- 
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tricity. Since their construction is somewhat different from the 
ordinan.' hoisting-pngines, it spriiis drsirable to give a description 
(jf a doiibloiiniiii reversible hc/isting-ciigiiie. 

Double-drum Reversible Engine.— The engine is mounted on 
a cast-iron bed-plate which has two standards for the support of 
the druu. They can be either cast together with the frame, or 
securely bolted to the frame, ancl their alignment is preserved by 
pins. The cylinder, or cylinders, since the great majority of 
hoisting-engines are provided with two cylinders, are located 
horizontally and very close lo the rear of the bed-plate. They 
are made of charcoal-iron and are provided with slide-valves of 
the D t>pe. They are laggetl with wood lo prevent condensation, 
and are covered by a heavy metal jacket. The piston is of the 
usual locomotive type, is cast hollow, and is fitted with spring 
packing-rings which are of hard cast iron maile up of different 
picc«<s and so arranged as to prevent leaking; the spring of the 
ring insures a tight piston. The valve is of the standard D shape. 
having a good Ijearing surface on the bottom edge to prevent wear. 
The piston-rods, valve-rods, and connecting-rods are of steel. The 
connecting-rods are correctly proportioned in accordance with the 
cj'linder. They have square ends with straps, and are fitted with 
composition boxes of the best metal. 

The cranks are forced onto the shaft by hydraulic pressure 
and are securely keyed with crank-pins exactly at right angles. 
TJie crank-pins are of steel, forced into the cranks by hydraulic 
pressure and riveted into place. Opposite the crank-pins there is 
extra metal so as to counterl>alance the engine when running at 
high speeii. The winch-heads are of cast iron and designed so as 
to give the l)esl results as to holding, hoisting, etc. The foot- 
brakes are of the band tyi)e, lined with blocks of wood, which 
are fastened to the band by means of lag-screws. They are of 
two forms. In one the band is made in two pieces, and joined 
by a bolt secured by jam-nuts, by which means the wear is easily 
and quickly taken up. In the otlier form the band is in one 
, the atljastment for wear being attained by welding a piece 
f TOUn<l iron on one end of the band, cutting a thread in the same, 
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and passing it through a trunnion on the brake-shaft disk, a jam- 
nut being used to shorten or lengthen the band as required. In 

both forms the brake-band is held clear of the druni-flange by 
means of a lug attached to the fixed baud or guard over gear- 
wheels. The foot-brake is counterbalanced by a movable weight; 
they are very powerful and very easy to operate, as, once being 
applied, the action of the load tends to lighten the brake. They 
will easily hold any load the engines are capable of hoisting. The 
guard-band* are of wrought iron and are fixed over the gear-wheels 
in all engines to prevent the rope or any obstruction from getting 
in the teeth of the gear. 

Fig. I'M represents a double-cylinder double frictlon-dnim | 
hoisting-engine without boiler as built by the Lidgenvood Manu- ' 




facturing Company. It is specially adapted for contractors, 
bridge-builders, railroad pile-tirivers, quarries, and small suspensioa 
eableways. It is not a machine to be run at a very high speed, 
but in pliuMJS where economy in first cost is !V necessity the engine > 
answers excellently, works well, and gives entire satisfaction. 
They are built of different sizes, as indicated in the following table. 
In the last few years electricity has been introduced in many 
cases as a motive power for mining and public works, and electric J 
engines have been devised both for hauling and hoisting purposes. J 
Fig. 135 illustrates an elect ric double-tlrum reversible engine! 
built by the Lidgerwood Manufacluring Company of New York.J 
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Hotf 

5 


"•^^l"' 


«":k1.s 


liriving 




Eati- 

TD&Ul] 

Weiglt. 


Dan.- 


girake. 


Dimn- 


\aL^aH. 


WHth, Leiwih, 
lMh«. Inpbw. 


"0 

71 

T2 
73 
74 


20 
30 
■W 
50 


i 


8 
10 

10 

12 


14 
U 
U 

16 
16 


16 2.500 
18 5,000 

20 S.OII0 
24 1 10,000 

21 12,000 


2.000 
3.S00 
6.000 
8.000 
10,000 


39 76 

44 SS 
47 88 
62 107 
62 J 107 


4.400 
5.525 

6.875 
11.500 
12,000 



In genera! appearance and details it closely resembles the ordinary 
stcani hoisting-engine, with tlie difference that the cylinders are 
siipprcsped. Tlie motive power is appliciil directly to a sliaft by 
means of cog-wheels engaging those on the motor. This shaft in 
its turn engages the cog-wheels of the drums, thus caasing their 
rotation. 

The motor is of the armored type made by Ihc Coneral Elec- 
tric Company, and IS strong, simple, efficient, and compact. All the 
movable parts are jirotccted by suitable ca-sii^, so that they are 
not liable to iiijurj' from ilust or moisture, which renders it espe- 
cially adapted for hoisting purposes. The gearing from the 




motor to the int«mie(Uat4? shaft is cut, and is enclosed in an oil- 
tight gear-case. The drum-gearing is cast very accurately; it is 
smooth and runs? well. It is protected by the ordinary guard- 
band. The controller is of the railway type, and is mounted so 
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as to be convenient for the operator. Each controller is pro- 
vided with a reversing switch, which can be used at will. The 
friction- and brake-levers are mounted in a rack with notched 
quadrant and are fitted with thumb-latches. The resistance 
boxes are of special form and are securely packed on the inside 
of bed-plate, so that the hoist is self-contained and perfectly 
portable. These electric hoisting-machines are designed for use 
with a direct current of 500 or 250 volts. The following table 
gives the sizes of the motor as built by the Lidgerwood Manufac- 
turing Company, and these various sizes apply to either voltage. 



Number 


Motor 


of 


Horse- 


Hoist. 


power. 


516 


10 


517 


15 


518 


25 


519 


35 


620 


50 



Sise of Drums. 



Style of 
Motor. 



Diam- 
eter, 
Inches. 



L. W. P. 5 I 
G. E. 800 I 
G. E. 800 
G. E. 1000 
G. E. 1200 



12 
14 
14 
16 
16 



Face, 
Inohee. 



16 
20 
22 
24 

28 



Hoisting Duty. 



Weight 

Hoisted, 

Lbs. 



2000 
2600 
3600 
6000 
7000 



Speed in 
Feet per 
Minute. 



150 
175 
175 
200 
200 



Revolu- ■ Edi- 
tions of . mated 

Motor, ' Shipping 
500 Weight. 

Volts, Lbs. 



650 
460 
575 
500 
550 



4,150 
6,700 
7,100 
9.200 
12,825 



The various motive powers used in connection with the work 
of excavation are steam, compressed air, and electricity. As a 
rule steam is generally used for hauling, hoisting, and excavating 
purposes; compressed air is employed for driving the machines 
in the excavation of rock and hi hoisting; while electricity may 
be used for all of these purposes. 

In opening trenches for the construction of roads, when rock 
is encountered it is generally excavated by blasting and the 
holes for the charge are bored by machines. A battery of three 
or four drills is set up to do the work and a derrick erected for 
loading the stones into the cars or wagons, and is operated by a 
double-drum reversible engine. The steam both to the drills and 
the engine is supplied by a boiler of about 60 H.P. located near 
by. This will send the steam to the work through an iron pipe 
line with T joints, wh(To connections are made for the drills. 

When the work is so large that more than one battery of drills 
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is employed, the several batteries will be widely separated. In 
such a case the steam can be supplied in two different ways: 
either by numerous boilers, each one of them located near a work- 
ing-point, or else by a single boiler of large capacity. In the 
former case it will be necessary to employ as many different 
boilers along the work as there are points of attack. This will 
involve heavy expenses on account of the ext(*nsive plant, the 
number of attendants that the boilers recjuire, the great number 
of water-carriers employed, etc. In the latter case it will necessi- 
tate a boiler plant of very large capacity and a steam-pipe line of 
great length. It is well known that steam in long pipes con- 
denses, and consequently there will be a large amount of waste. 
It will then be more economical to employ some more convenient 
motive power. 

For the reason that compressed air can be transmitted even 
miles without any sensible loss of pressure it can be conveniently 
used in the excavations of great magnitude and greatly extend- 
ing in length. The plant will be locatc^d at some point that 
will be convenient for handling the coal and water. The plant 
consists of a certain number of boilers which provide steam 
to drive the compressors. The air compressed is stored in one 
or more receivers, from which through the pipes it is distributed 
to the various working-points along the line. The numlxT and 
capacity of the boilers as well as that of the compressors, the 
(Hmension of the receivers and the diameter of the various pipes 
along the line of work, should be in proportion to the expected 
work and must be fixed by the engineer. 

Still another motive power to be used in works of excavation 
is electricity. Since it may be employed for different purposes, 
as, for instance, in driving the drills for boring tli(^ holes for the 
charge in the excavation of rocks, in driving the (Migines for hoist- 
ing materials, and for hauling the trains loadecl with tlic^ exca- 
vated earths, it has certainly great advantages over any oIIkt 
motive power. Besi(l(\s it can br producfMl and transmittiMJ at 
a smaller expense than the other j^owcrs, and this is the reason 
why so many engineers consider eleetrieity as "the power" for 



272 EARTH AND ROCK EXCAVATION. 

any work. There is no doubt that it is the most convenient 
motive power for hauling cars, and this has been clearly demon- 
strated on the enormous development of electric roads built and 
under construction all through the world, even in places where 
steam roads would have been a great failure. But although 
electricity is extensively used for mining purposes, it has not been 
adopted yet on public w^orks, and this is perhaps due more to 
prejudice than to any real good reason. 

The writer knows many experiments which have been recently 
made tending to demonstrate that electricity is the most eco- 
nomic motive power to be used in works. Although this w^as true 
in the particular cases considered it cannot be deduced that 
such a statement applies to every case. The particular condi- 
tions of the work at hand as well as those depending upon the 
locality in which the excavation is made should be taken into 
consideration. Electricity is transmitted by means of wires 
supported by simple posts which can be erected at a great dis- 
tance from one another, and its transmission is very economical 
when compared with the cost of laying down an iron pipe line 
for compressed air. But electricity when transmitted to a dis- 
tance is dispersed on account of the resistances encountered, and 
only a part of that produced will be available for work. In using 
electricity it is necessary to take into consideration the danger 
which arises from the presence of live wires, especially when 
working in narrow spaces, as in the trenches, and the accidents 
that may befall the workmen. For these reasons, notwithstand- 
ing electricity is more economic, compressed air will be fomid in 
the end the most convenient. 

In regard to the comparison of the various motive powers to 
be used in the work, the Engineering News^ in describing Sec- 
tion 3 of the New York subway, says: 

Before compressed air was adopted as a motive power for 
the subway work the contractor made a careful study as to the 
availability of steam and electricity. Although steam appeared 
the most economical it necessitated many isolated boilers and 
engines, with endless dirt and confusion, besides the disadvantage 
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of working many union engineers. Electricity appeared eco- 
nomical, but there was no assurance of satisfaction in electric 
drills. An electric-power plant would have proved an expensive 
installation, and the cost of electric power from local companies 
was about double the estimated cost of compressed air. 

The adoption of compressed air on this section was quickly 
followed by the installation of similar plants for other sections 
of the subway, and it has proved even more satisfactory and 
economical than was anticipated. 



CHAPTER XIX. 

ANIMAL AXD MECH.WICAL LABOR. 

All excavation is done by men working in gangs. Each 
gang is in charge of a foreman, and they are all under the direc- 
tion of a superintendent. The unit of work is the day's work, 
which is usually ten hours for all but mechanics, who work an 
eight-hour day. When the work is carried on continuously, one 
set of men succeeding another at intervals of six, eight, or ten 
hours, the men are said to work in shifts. The number of men 
composing a gang should be that which will accomplish the most 
work in a given time under the prevailing conditions. 

Superintendent. — Honesty, activity, and intelligence com- 
bined with a large amount of practical experience on public works 
are the recjuirements of a good superintendent. He must super- 
vise the work and direct the various gangs, so that it is accom- 
plished according to the engineer's plans, which he must be able 
to read accurately. He nmst know how to stake out work; how 
to arrange so that the various gangs will have steady work; how 
to detect materials that are not according to specifications, and 
how to measure the work and check the measurements of the 
engineer. He must have the intelligence and practical experi- 
ence which will (»nable him to detect error or imposition on the 
part of the engineer, and to oppose orders which are against the 
interests of his employer. He miust also be versatile in solving 
difficulties which occur unexpectedly in the work. 

Foremen. — Any workman so well acquainted with the prob- 
lems and intricacies of his trade that he is not only able to do the 
work himself but to direct other men intelligeiitly can be em- 
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ployed SB a foreman. Foremen should not be appointed tlirough 
"pull/" as is usually the case in nearly all public work in this 
country, but they should be selected from among the bc>st, moat 
iiilflligcnt, honest, and uctive workmL'U. The duties of the fore- 
man are to carry out the orders of the engineer or 3u[)erintendent, 
and to dispose of the workmen in such a manner as to obtain 
from them the most efficient work. He must tje considerate 
■with his men; scolding and even discharging them when they 
KK laiy, but not in.iulting nor continually yelling at them, or 
else he will obtain the opposite effect to the one he desu^s. The 
foreman must watch out for defective materials, and lay them 
Bade for the engineer or su|)erinlendent to examine. If lie can 
keep reeords of the work and lime he will increase his value by 
fl&ving the seri'ices of a timekeeper. The principal tiuty of the 
foreman is to look after the iutxrests of his employer, and to this 
end he must closely watch his men to see that none is ever without 
work, and that time is not lost in shifting from one task to another. 
He must warn the men of danger, and watch out against the dan- 
ger of accident. In rock excavation he must be perfectly ac- 
quainted with drilling-maehines, and have a thorough knowledge 
of blasting. He must locate the position of the holes to he 
drilled, and fix their depth after these have been determined 
in a general way by the engineer. He must take personal charge 
of dynamite and other exjilosives; he must make the prepara- 
tions for blasts, and, generally, he will take charge of the firing 
operations, establishing the danger-lines and seeing that all per- 
sons and machinery' are out of danger from injury by the blast. 

Classification and Capacity of WorTonen. — Excavation is per- 
formefl either by manual labor or by machines, consequently 
the men employed in any work can Ije grouped into mechanics 
and lalxjrers. Mechanics are, as a rule, intelligent and educated 
nteu, lun'ing a good knowledge of the principles of mechanics ami 
wide experience and skill in their trade. As engine-drivers have 
to possess a State certificate which is obtaincLl only after passing 

(examination, they may be assiuned to be always well acquainted 
th (heir trade. Membership in the labor unions is also a guar- 
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antee that a mechanic is compet^'nt lo ilo tlie work for which he 
is employed. 

Of late years, because of the extenEive and increasing use of 
drilling-machines in rock excavation, and the simpUcity of these 
machines, which do not necessitate special mechanical skill in Uieir 
hanilhng, contractors have taken to operating them hy intelligent 
laborers. These get better wages than ordinary laborers, but 
smaller wages than mechanics, and form a middle class between 
the two. The duty of the drillers is to regulate the lowering of 
the machine, change the bits, and remove the drills from one 
place to another accorduig to the orders of the foremen. Drillers 
nmst take great care of the machine entrusted to them, and must 
be active, steady, and patient in their work, since the success of 
the drilling depends upon them. They must thoroughly under- 
stand the drdling-machine and its work, and be able to change 
the defective parts for the new ones. 

All works of excavation, whether of rock or earth, when not 
done by machine iu-e done exclusively by ortlinary laborers. In 
this country contractors and engineers do not pay great atten- 
tion to the work of their laborers, who receive the same wages, 
varying from $1 to $1.50 per day. The WTiter thinks this a great 
mistake, since there are many laborers not worth half of what 
they get, while there are others that deserve more than twice 
what they usually get. Standard wages are possible with me- 
chanics, especially when from a union, because the simple fact of 
meml)ership in the imion is a proof of their ability, and ao when 
a contractor engages one of these men, he knows what his ability 
is, antl consequently what he may expect from him. But when 
a contractor engages a shoveler for instance, at the prevailing 
wages, he does not know what kind of workman he is, and what 
he is able to do. The shoveler may be a strong man and one 
with experience, or he may turn out to be a man who never did 
any similar work before, but took the shovel as the last resort 
against starvation. 

As a rule the cheapest work is obtained from men getting the 
highest wages. The author knows of an experiment, made by 
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I Italian Engineering Corps in Rome, in wliich the work of 
; different laborers was accurately tested. The laborers were 
jjivided into three gangs, according to the locality they came 
L and the wages they were used to getting, these being 40 
cent*, 50 cents, and $1, respectively. The work was ordered to 
1 as usual without the laborers knowing that the efficiency 
of their work was to be tested. -Aiter a couple of weeks the work 
[ the di0erent gangs was measured, and it was found that the 
M-knien paid at $1 per day did more than twice tlie work done 
' thase paid at 50 cents and nearly three times that done by 
the lftlx)rers at 40 cents. It wjis also ascertained in this case that 
highest-priced labor was the cheapest in the end. 

The diet of the laborers has a great influence upon the efii- 
ciency of tlieir work ; a properly fed man gives, as a rule, a greater 
amount of work than a poorly fed one. This faet is of special 
importance to contractors where on account of the location of 
the work they must either directly or by contract furnish pro- 
visions to their men. It is to their interest to see that the men 
^^Ve properly fed. Sometimes the contractors sell their men poor 
^Bbods, or when good it is sold at very high prices. In both cases 
^Ble losers are the contractors. In the example referred to above, 
in investigating the diet of the various gangs of laborers it was 
found that the men who did the greater amount of work were 
,well fed, having two meals a day, their diet consisting of fresh 
Bineat and brea^l and wine. Those paid at 50 cents got two meals 
^^K'^'ty; oriP consisting simply of bread and cheese and the second 
"*rf corn-meal and vegetables and salt meat or fish, with a little wine 
or none at all. The diet of the laborers at 40 cents per day was 
even poorer. 

Laborers must be steady in their work; a slow but continuous 
speed of work is far more efficient than one began at a high rate 
and slowing down continuously all through the day. A man 
cannot work continuously, but needs rest, and the best way is to 
alternate the periods of his work with the moments of rest. The 
more regularly these are alternated the greater will be the endur- 
> of the man ami consequently the more efficient will be his 
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work. An intelligent contractor should prevent the yelling and 
** hurry-up" orders given continuously by ignorant foremen. By 
this procedure they intend to show their attachment to the work 
and in their ignorance honestly believe that they are looking 
after the interest of the contractor, while they are obtaining just 
the opposite result. These foremen should be immediately dis- 
charged. There are still contractors, however, though happily 
very few, who believe that the only way of obtaining efficient 
work from the men is by yelling and scolding. Mr. George H. 
Parker, a civil engineer in charge of the works at Keney Park, 
Hartford, Conn., stat<3s that while the work of handling 10 or 
12 cu. yds. of earth is considered a fair day's work, he has obtained 
a work of loading 20 or more cu. yds. per day with the same eflfort. 
He found that the actual time for handling the sand per shovel 
was from fifteen to twenty-five seconds, and then he ordered each 
man to work twenty-five seconds and rest twenty-five seconds 
alternately through the day. To this quick work and then an 
absolute and unquestioned right to rest for an equal time he 
ascribes the success of his system. Mr. Parker also found that 
his men worked the quickest in the morning, slower in the after- 
noon, and still slower at night. In like manner Monday was 
the laborer^s best day and Saturday his worst day as a rule, 
though weather conditions modify this. 

Apart from any humanitarian or philanthropic idea, laborers 
are considered by engineers and contractors simply as living 
working-machines; they are hired and paid for their work, and 
conse(]uently it is necessary to know the amount of work to l)e 
expected from them. 

In the l]nglish-speaking world work is measured by the foot- 
pound, wliicli is the effort retjuired to raise 1 lb. in weight to 1 ft. 
in height. In lOurope and everywhere else where the metric 
system has been adoi)ted, the unit of measure of work is the 
kilograninieter, or the (effort recjuired to raise the weight of 1 kilo- 
gram to the hei<j:ht of 1 meter. A kilogranmieter is equal to 7.21 
ft. -lbs. A man can exert in a dav onlv a certain amount of efTort 
and no more; thus his daily work can be valued by the foot-poimds 
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he can lift in a day. This number has been variously estimated 
by different authors. Rankine says that the daily eflfort exerted 
by the muscular strength of a man is the product of three quan- 
tities — the useful resistance, the velocity with which that resist- 
ance is overcome, and the number of units of time per day during 
which work is continued. For each individual man there is a 
certain set of values of these three quantities which makes their 
product a maximum, and it is therefore the best for economy of 
power; and any departure from that set of values diminishes the 
daily effect. 

The following table of the effects of the strength of men em- 
ployed in various ways was compiled by Rankine from the works 
of Poncelet, General Morin, and others. 




0.5 



8 

9 
10 
11 










5 

75 
55 
13 



1 Raising his owii weight up stairs 
I or k^lders I 143 

2 liaising his own weight up stairs j 

or ladders ' 143 

3 Hauling up weight with n)pe .... 40 

4 ' Lifting weights oy hand 44 

6 I Carrying weights up stairs 143 

6 Shoveling up earth to a height of 

5 ft. 3 ins 

Wheeling earth in barrows up slope 
1 in 12 with horizontal velocity 
9 ft. per sec. (returning empty) . 

Pushing or pulling horizontally. . . 

Turning a crank or winch 

Working pump 13.2 

Hammering | 15 

i I 



132 
26.0 
IS 



8 

10 
6 
6 
6 



72 


5 


72 


5 


30 




24 


2 


18. 


5 



rJ 







3 


10 


7.8 


075 


10 


9.9 


00 


s 


5;^ 


5 


8 


45 


5 


10 


33 


? 

• 


8? 


• 



RVT, 

Ft.-lbs. 
per Day, 



2,088,000 

2,616,000 
648,000 
522.720 
399,600 

2S0.800 



356.400 
1 ,526.400 
1.296,000 
I.ISS.OOO 

4^0.000 



Colombo in his "P]nginoers' Handbook '^ gives the following data: 
" The average work per second, working all day long, can be assunuMl 
between 6 and 9 kilograninietors, being etjiial to onc-tw(^lfth or 
one-eighth of a horse-power. Working alternately with periods of 
rest his eflfort can be considered avS varying between IS and 24 
kilogrammeters. Working continuously on a crank with a velocity 
of .75 or .9 meter per second his effort can be assumed as botwo(»n 
S and 10 kilogrammeters, while working for a short time onlv 



280 EARTH AND ROCK EXCAVATION. 

followed by long stretches of rest he may exert efforts equal to 
25 or 30 kilogrammeters per second. 

*' The maximum efforts that a man can exert m pulling or push- 
ing for a short time only is between 50 and 60 kilogranmieters. He 
can lift a weight of 200 or 300 kgms., and carry on his shoulders a 
weight of 150 or 200 kgms. A man can walk with a velocity of 
1.25-1.40 meters per second; in walking fast he can cover a dis- 
tance varj'ing from 1.50 to 1.70 meters per second, and he can run 
from 2.20 to 7 meters per second.'' 

The muscular strength of animals is utilized in different ways 
in public works; the principal ones being in carrying materials on 
their backs, as in mountain regions, or in pulling them in carts 
and wagons. The animals generally used are mules and horses. 
Mules are tougher and will endure more hard work than horses; 
the former are very useful in mountain work, but horses are 
more commonly employed for hauling carts and wagons. 

Mules, when transporting materials on their back, can easily 
carrj' weights varying from 200 to 400 lbs., and travel long dis- 
tances; for short trips they will usually carry from 360 to 500 
lbs. on horizontal roads. They move with a velocity which can 
be assimicd at 3 miles per hour on ordinar}' roads, but going up 
incline they do not travel more than 2\ miles per hour. The 
total distance traveled in a dav can be considered at 20 miles. 

Horses hitched to the carts and wagons, according to the con- 
dition of the road, may carry loads varying from 1200 to 2500 lbs. 
besides the weight of the vehicle. The average weight of a cart 
can be assumed at 1300 lbs., and since in doubling the number 
of horses there it is not necessary to increase the weight of the 
cart, the greater will be the quantity of the hauled materials, and 
this is the reason why, in order to better utilize the strength of 
animals, thev are worked in teams, and whv cars are constructed 
for two, three, and four horses. Two horses can easily haul 3000 
lbs., three horses 4500 lbs., and four horses 6200 lbs. Besides 
it is more convenient to have the horses work in teams than alone, 
on account of Xhc wages of the driver. On carts hauled by only 
one horj^(% which has also to drag the total weight of the cart, the 
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wages of the driver must be paid entirely by the small quantity 
of material hauled; while, if working in teams, the total work of 
the second horse will be utilized exclusively for hauling material, 
and only half the wage of the driver must be paid by the work of 
each horse. 

The following table, given by Gasparin, clearly indicates the 
efficiency of the work of horses working alone and in teams: 





Useful Load. 


Load per 
Horse. 


Weight of 
Vehicle. 


TotaL 


Average 

Load per 
Horse. 




Lbs. 


Lbs. 


Lbs. 


Lbs. 


Lbs. 


Cart, 1 horse 


2070 


2070 


1100 


3,170 


3170 


Wagon, 2 horses . . . 


4349 


2173 


1980 


6,3*29 


3164 


3 " ... 


6012 


2004 


2640 


8,652 


2884 


4 '' 


8140 


2035 


2970 


11,110 


2777 


i i ^ it 

o 


8635 


1727 


3300 


11,935 


2387 


G '' 


8672 


1445 


3300 


11,972 


1978 


7 '' ... 


8751 


1249 


3300 


12,051 


1721 


8 '* 


7444 


1012 


3300 


10J44 


1343 



From this it is seen that it is economy to increase the numbcT of 
the horses up to a certain limit, which is four. Beyond this num- 
ber the efficiency of the work of each horse greatly deereases. 

In this book, for calculating the cost of hauling materials 
when animals were employed as motive powc^r, the price of hiring 
teams was usually taken into consideration. But if a more accu- 
rate analysis should be reciuired, the cost could be easily found 
by considering the following items: Interest on the capital invested 
in acquiring the horses, daily cost of maintenance, including the 
food, stable, stableman, insurance, medicine, shoes, etc., and sink- 
ing fund. The total amount divided by the number of working 
days in a year will give the correct cost of the daily work of a 
horse. 

The work of horses has been variouslv estimated bv different 
authors. Rankine deduces the efficiency of their work by taking 
into consideration the same three elements he employs for calcu- 
lating the muscular strength of men, viz., the resistance, the 
velocity, and the time, and he considers the work on the product 
of these three quantities: 
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Cantering and trotting, draw- 
ing light railway carriage. . . 



R. 



Horse drawing cart. 



Min. 22} 
Mean 30} 
Max. 60} 
120 



Feet 

per 

Second. 


T, 


RV. 


14S 


4 


447} 


3.6 


8 


432 



RVT. 



6,444,000 
12,441,600 



Colombo in his handbook for engineers gives the following 
data: '^A horse working all day can drag a weight varying between 
40 and 60 kgms. per second, corresponding to 40 or 50 kilo- 
gramnieters, equivalent to ^ or § of a horse-power. For a short 
time he can drag a weight of 250 to 400 kgms. per second. The 
speed of the horse in running is 14 meters per second, galloping 
10 meters, trotting from 4.4 to 3.3, walking fast about 2 meters, 
and in ordinary walking from 0.90 to 1 meter. On good horizontal 
roads a horse may drag besides the vehicle a load of 350 to 500 
kgms. when trotting, and between 1000 and 1500 kgms. when 
walking. '' 

A whole book could be written concerning the manner of 
working the various machines already described. The general 
characteristics of several of the principal mechanical appliances 
used in the excavation of earth and rock, as well as for transporta- 
tion purposes, have been given in the preceding chapters ; a little 
space will bo devoted here to the machines as considered from a 
general point of view. 

In the selection of any machine it is the duty of the engineer 
to carefully examine the various conditions of the work, and to 
decide which of the various machines will be the most efficient 
in the particular case he has to deal with. To facilitate such a 
se^loction, in the description of the various kinds of machines re- 
viewed in the preceding chapters, it has been indicated in what 
circumstance the work of each machine will be the most efficient. 
Once the engineer has selected the t>'pe of machine most conve- 
ni(»nt for his case, he should get the catalogues of the various 
manufactures, thus providing himself with a full description of 
the different machines of the same type that are found on the 
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irkct. Since all these machines, as a rule, are very similar iii 
leir principal parts, although they greatly differ in the detaila, 
and since every manufacturer will represent his machine as the 
best and most efficient of all, it will be desirable for the engineer 
to obtain from the manufacturern a list of places where their 
machinefl are at work. By visiting these places the engineer 
can i)ersonaily ascertain from the men in cliarge of the machines 
their advantages and defects. Keeping record of the efficiency 
of the work of every machine, and the statement of the various 

^^nginecrs in charge of the raachuies, it will be very easy to select 

^he best machine by a simple comparison. 

^H .\s a rule the most desirable machines are those solidly built 

^^nd provided with the smallest possible number of parts all inter- 
changeable, and those which will perform the work at the lowest 
figure. The price should not have influence on the selection of a 
machine, because in many instances a very expensive machine 
is not always the best, and a very cheap machine is usually found 
in the end to be the most expensive. 

Together with the description of the various machines, there 
has been given sdso the cost of the unit of volume of the work 
performed. Tiiis, however, caimot be taken as the real cost, 
because it was based exclusively on the working expenses of the 
machine. There are otfier general items to be considered which 
tend greatly to alter the cost of the imit of volume of the work. 
Tliese are the interest on tlie capital invested in the machine, the 
probability of continuous work, the necessary repairing required 
to keei> the machine in good working order, and, finally, the 
sinking-fund. 

The interest of the capital invested in the contractor's plant 
is a negligible quantity when the plant consists only of hand- 
tooLs, but it assumes great importance when it contains several 
lai|;e machines. If the capital invested in pureha.sing machines 
had been invested in any other commercial investment, it would 
have certainly given in return an interest of 5 or 6 per cent. 
' annum. By purchasing the machine the contractor does 
t get any more this return from his money, and he must obtain 
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it from the work of the machine. Consequently, before calculat- 
ing the net profits of any operation, amongst the yearly expenses 
of any machine should be considered first the interest of the 
invested capital at the conimercial ratio. 

In buying a machine it is necessary to consider also the prob- 
ability that the contractor has of getting continuous work. In 
fact, if a machine is bought for a single work, notwithstanding its 
nmning expenses are so low as to perform the work at a small 
cost, this is not really the case because of the other expenses to be 
charged to this work alone, and which tend to greatly increase 
the cost of the unit of volume of the work. There is no doubt 
that machines tend to lessen the cost of work, but to do so they 
must work as continuously as possible. Suppose that the yearly 
expenses of a machine, including interest, sinking-fund, etc., will 
amount to $700; if the machine is working 200 days per year it * 
will be necessary to add $2.50 to its daily expenses; w^hile if it 
works only 50 days in a year the daily expenses must be increased 
by $14. Considering the capacity of the machine at 500 cu. yds. 
per day in the former case the cost of the work would be increased 
by only ^ cent per cu. yd.; while in the second case the cost would 
be increased by nearly 3 cents per cu. yd. 

Another important item to be considered in machines is the 
wearing and repairing. Machines, no matter how strong they 
are built, will undergo wear, especially on the parts which are 
most subjected to sudden strains. To keep the^ machines in 
good working order it is necessary to repair them continuously. 
It will then be necessary to spend every year a certain amount of 
money in order to keep the machine in good condition. Such 
an amount varies with the machine, the quality of the soil handleii, 
and other circumstances. The sum which is usually laid aside 
every year for repairing varies between one-third and one-fifth 
of the total cost of the machine, and such a sum should be sub- 
tracted from the profits of the oi)eration to obtain the net profit. 

Anoth(M* important item in connection with the calculation of 
the cost of the unit of volume of the work performed by the 
machine is the sinking-fund. Any machine, notwithstanding 
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; kept in good order, will last only for n certain imnibcr of 
yparp, and then thr repairing that will be rofjuired to keep the 
marhini- in working order will be so great that it will be more 
cconomicaJ to buy a iiew iiinehine than to renew all the various 
parts of the old one. The money for the acquisition of a new 
iiiiiehiTie should lie obtained from tht^ work of the former machine. 
In fact, if a contractor |K»ckets every year the profits got from the 
work, witliout laying a.si(tc an anioujit of money which, with its 
accumulated interests, after so inaiiy years will give the original 
amount of the cost of the machine with which to buy a new one 
vhen the old is gone, he mil also, together with tlie so-called 
di\i(leii(Ls, pocket part of the capital. The sinking-fund is that 
earn which it is neccasary to lay aside every year, so that aft^r a 
given numlier of years these sums, together with their accumulated 
interest, will give the required amount required to buy a new 
machine. 

The writer has often noticeil that the sinking-fund is an item 
ea.iily forgotten in this country. A few years ago one of the great 
railroad syatems of the country, whose shares were quoted above 
par on account of the big dividend paid for some years in succes- 
sion, oU at once went into the hands of the receiver, anfi the value 
of the shares fell near to nothing. The reason of such a sudden 
change was that the old administration nc\-er thought of the 
anking-fund, which was, instead, distributed to the shareholders 
as tlividends. The (consequence was that the rolling-stock was 
old and needed to be renewed, and as no money for such a purpose 
Imd been laid aside in the previous years, in order to provide it, 

' it was found necessary to rcoi^anize the company and borrow 
money. Now, if even the big railroatl corporations sometimes 

' enerlook such an unportant item, it may easily be forgotten by 

* contractors. 

Expensive machines, notwithstanding they are continuously 

\ repaint, will not last longer than twenty years, and consequently 

L it is necesaan- to lay aside every year a certain sum which, together 
with its compound interest at the end of twenty years, will give 
the original cost of the machine, so as to have at hand the sum to 
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buy a new machine, thus perpetuating the capital; otherwise, i)art 
of its capital \vill have been destroyed. The age of a machine 
varies between ten and twentv vears: tools last onlv a few months. 
The sum which it is necessary to lay aside every year is cal- 
culated by means of the formula 

r 



o=S 



(l + r)'»-r 



in which r is the annual interest of a dollar, S the total amount of 
the sum required after so many years, and n the number of years. 

T 

The various values of 77- — r 7 for the different years and rate 

(1 -h r)** — 1 -^ 

of interest are given in the following table : 



Number of 


n=-4 Per 


n-5 Per 


n-6 Per 


Years. 


Cent. 


Cent. 


Cent. 


1 


1.000 


1.000 


1.000 


2 


. 4902 


. 4878 


0.4854 


3 


. 3203 


0.3172 


0.3141 


4 


0.2355 


0.2320 


0.2286 


5 


0.1846 


0.1810 


0.1774 


6 


0.150S 


0.1470 


0.1434 


7 


0.1266 


0.1228 


0.1191 


8 


0.1085 


0.1047 


0.1010 


9 


0.0945 


0.0909 


0.0870 


10 


0.0>33 


0.795 


0.0759 


12 


. 0665 


0.0628 


0.0593 


15 


0.0499 


0.0463 


0.0430 


20 


. 0336 


0.0302 


0.0272 


25 


. 0240 


0.0209 


0.0182 



CHAPTER XX. 



THE DIRECTION OF EXCAVATION WORK. 



It is not an easy matter to correctly direct a work of excava- 
tion, and as a rule the most successful contractor is he who handles 
the materials in the most economical way. No general rules can 
be given for organizing a work of excavation, every one present- 
ing some characteristic differences which only the keenest obser- 
vation can detect, and from them suggest means to overcome 
the difficulties in the simplest and easiest manner. To give, 
however, an idea of how the w^ork should be directed, several 
cases will be considered here, which vary with the extent and 
magnitude of the work, and also with the manner of excavating 
and the means of transportation adopted. For the sake of classi- 
fication a few cases will be reviewed here in the following order: 









& 



Cut of small depth 
extending over a ■ 
large area. 



Cut done by plows. 



<i Transportation by 
] scrapers. 



Cut done by New Era j 
grader. ( 



f 



Cut done by hand. 



Cut deep and long 
and narrow. 



Transportation by 
carts and wagons. 

Transportation by 
wheelbarrows. 

Transportation by 
carts and wagons. 

Transportation by 
industrial rail- 
ways. 



Cut done by 
machine. 



f l>..wn-digK,.r. -i ^"l'' ''='"|«:d ^y 

'^'^ ( locomotive. 

. I>diKK<.r. ] <^'"'^ ''""'«l ^y 

' '^'^ ] locomotive. 



The excavation of earth extending over a largo area of 
small depth can be conveniently performed by means of a plow 

2.S7 
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and the materials removed by scrapers, which can be either of 
the drag or wheel types. The average work of a plow in heavy 
soil can be assumed at 250 cu. yds., while in light soil it can 
remove on an average 500 cu. yds. In directing the work exe- 
cuted by means of scrapers it is of great importance to know (1) 
the number of scrapers to be employed per each plow; and (2) 
the manner in which the work should be arranged. 

In regard to the number of scrapers to be employed, this 
varies with the quality and capacity of the scrapers and the dis- 
tance to which the materials must be hauled. Drag-scrapers are 
very convenient for short hauls. It has been seen that thev mav 
haul from 74 to 11 cu. yds. per day, according to the distance, 
varj'ing from 100 to 600 ft. In heavy soil a single plow will give 
work to 3.5 drag-scrapers hauling the materials to 100 ft. distatice; 
it will require 7 drag-scrapers to haul the same quantity of mate- 
rial to 200 ft., and 2 drag-scrapers should be added for each 100 ft. 
in length over 200 ft. distance. When the material is very loose, 
so that the average quantity of earth removed by the plow in a 
day is about 500 cu. yds., each plow will give work to a number 
of drag-scrapers double that indicated above for the heavy soils, 
and consequently for distances greater than 200 ft. one scraper 
should be added for each 25 ft. in length of the haul. 

Wheeled scrapers are far more economical for long hauls than 
drag-scrapers. They are of different capacity, varying from 9 to 
14 cu. ft., and since the work of the plow will remain the same, 
the number of the wheeled scrapers required to remove the earth 
loosened by the plow will be smaller. This number, however, 
will var>' with the capacity of the scraper. • Thus 3.5 wheeled 
scrapers of 9 ft. capacity will be required to haul to 200 ft. dis- 
tance the earth removed by a plow in a day's work; 5.5 to 300 ft.; 
7.5 for 400 ft. distance, and, in general, 2 scrapers more for every 
100 ft. in additional length. A larger number of wheeled scrapers 
wall be requinul for removing the earth where it is sandy and 
light, and as a rule in such a case a number of scrapers double 
the one recjuired for heavy soil will be reciuired. When wheeled 
scrai)ers of large cai)acity are employed the number of scrapers 
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^it be 2.5 for 200 ft. distance, 3.5 for 300 ft., 5 for 400 ft., and 1 

bore scraper for every 100 ft. iiicrea.-ied iHstance of haul, mid 
louble tliia number for sandy and light siSls. 

Ill regard to the manner of arranging the work, it is necessary 
ol»sprve that tlie scrapers should travel continuously, and 
»nse(iuently they must travel in circles or at leant along two 
nraliel roa<l3 with a loop at each emi. Scrapers in earthwork 
ixcavations can be employed in building up embankments from 
wts or ljorn»w-pits, in leveling the ground for re-ser\'oirs or large 
Uilroad yards or sites for factories, or in the transportation of 

earth from the point of e.tcavation to the point of loailing into 

more powerful and economical veliicles. 

rFig. 130 clearly indicates the manner of building embank- 
enls for new roads, when the earth is taken from along the stiles 




r the road. The embankment is built up in layers IS ins. deep 

, and they succeed each other in such a way as not to inter- 

with one another. The work proceeds on both sides of the 

.is of construction at the same lime, and follows the onler indi- 

iat«d in the Hgure. ,\t first a. battery composed of several scrapers 

irks in section 1, building up half of the embankment, with the 

>pe reaching the lateral terminal of the projected road; 10 ft. or 
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more away another gang works on the other side of the axis of 
the construction, as indicated at 2 in the figure. A third gang 
then follows at 3, at a distance not less than 10 ft. away from 2 
and 20 ft. from 1, and builds another layer above the one that 
has been previously placed. The following gang, 4, builds the 
other portion of the embankment on the other side of the axis 
of construction. In this manner the embankment is built for a 
height of 36 ins.; but if it is required to be still higher, other 
gangs can be employed in succession to those mentioned. 

The earth is taken from along the lines w, w, and op at the 
left and right of the embankment to be constructed, and the 
trenches can be used as drains for the road. The earth can be 
removed by one plow or more, according to the length of the 
haul, and, consequently, to the number of scrapers to be used. 
The scrapers travel in the direction indicated by the arrows. A 
similar but opposite arrangement can be used in excavating a 
trench in which the materials are to be deposited on each side of 
the cut, as, for instance, in the construction of canals for drainage 
or irrigation purposes. 

Scrapers can be used also for removing materials in leveling 
up the ground for the construction of storage-reservoirs or rail- 
road yards. In these cases the work is directed in various ways, 
depending upon the conditions of the locality. The land to be 
leveled may contain many isolated knolls which have to be cut 
down and the materials used for filling; or it may be on a side 
hill, and all the materials from the cut employed in the fill. In 
the former case the work may be arranged in the way indicated 
in iMg. 137. At each one of the knolls a plow may loosen the 
earth and give work to scrapers, which will travel radially, dinnp- 
\uir the earth all around where the filling is required. The dia- 
gram given in Fig. 137 shows an ideal solution of the case, but it 
gives a fair idc^a of the work of scrapers where the material from 
knolls must l)e dei)osit<Hl all around. The arrows along the edge 
of the knoll represent the course of the plow. 

In th(^ construction of large yards, in side-hill work the earth 
can be ronioved in llu^ manner indicated in Fig. 138. The plow, 
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trenching back and forth along the edge of the cut, removes the 
earth, which is taken up by the scrapers and dumped where the 
filling is required. The number of plows to be employed depends 
upon that of the scrapers that have to be served, and the number 




Fia. 137. 



Fio. LIH. 



of scrapers, as has been remarked above, depends upon their 
capacity ami the distance of the haul. 

Scrapers can be conveniently employed in transferrins niate- 
rials from the point of excavation to a i)lace where the earth is 
dumped into larger and more efficient vehicles for distant hauling. 
In such a case a narrow trench is cut in the pnmnd Ijy nicnns of 
plow and scraper. The trench is then widened so as to iilkiw a 
wagon to easily pass through; and it is carried down to such a 
depth that when a platform is placed across the trench and t\unh 
with the ground-surface, it will not interfere with the wagons. 
The trench, as indicated in tlie longitudinal section of Fig. ]:Ji), 



is excavated with a doubl 
center; one of the inclines 



• inclination converginfi toward the 
IS sleeper for the desceniling wafrons, 
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while one comes to the surface at a smaller inclination to facilitate 
the ascent of loaded wagons. Between the edges of the trench 
and just above the deep portions is placed a platform flush with 
the ground. This is composed of square beams placed across the 
trench, having on top heavy planks running parallel with the 
trench itself. In the center of the platform there is a hole 3X3 ft. 
The scrapers, taking up material around the trench, pass over the 
platform, and when the slot is reached the driver dumps them. 
A wagon standing under the slot receives the earth, and when 
filled, moves to give place to another. Fig. 140 represents the 




FlQ. 140. 

plan of the trench, and indicates the course of the scrapers as 
well as that of the wiigons. 

The New Era grader is very convenient for the construction 
of railroads where the ground is level, so that only a small em- 
bankment is required, formed with materials excavated from 
trenches on each side of the road, which are to be used as drains. 
It is very convenient also in the excavation of irrigating canals, 
where the earth is to be deposited along the edges of the canal to 
form the levees; also in the construction of large reservoirs, and 
in leveling the ground for large railroad yards, etc. The manner 
of doing the work in these various cases will be briefly reviewed. 

In the construction of small embankments for single- or 
double-track railroads, the machine runs over the trench to be 
excavated at the left-hand side of the road. In advancing 
the machine, the earth removed going up the incline (whose 
length will depend upon the distance from the trench to the 
center of the road) will be dumped so as to form the embank- 
ment. After having traveled to some distance on one side, the 
machine returns to the starting-point by following the line of 
the trench on the opposite side of the road, and dumping the 
material so as to form the right side of the embankment. By 
passing several times along the same route, always proceeding a 
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■'Bttk- inward or outward, the embaniaiient will be compleled 
without tJn- necessity of employing any vehicle for the transpor- 
tAiion of the materials. 

It will take twtih'e days to construct embankments 16 ft. witle 

Iaod 3 ft. high, for a single-track railroad, or 28 ft. wide and 2 ft. 
Jiigh for a double-truck road, according to the diagrams givon in 
Fig. HI. Assuming the daily cost of working of the New Era 



.Mmam.. 



^^ 



liv- 



r7 



Fig. 141. 



I 



grader as $18, as given by the manufacturers, it will cost $216 to 
build embankments for one mile of road of the dimensions indi- 
cat<Mi above. 

New Era graders are very efficient in the excavation of ditches 
and canals for irrigation purposes. The diagram (Fig. 142) in- 




dicates the manner of excavating a ditch 29 ft. wide on top, 8 ft. 
wide at the bottom, and 7 ft. deep, as given by the Western Wheeletl 
Scraper Company. The banks have slopes of U lo l,with a 6-fl. 
berm on each side, and the embankments fornietl with the excavated 
materials are 211 ft- wide and h\ ft. high. It will reiniire the 
handling of about 25,500 cu. yds. per mile, and it will take about 
25 days to finish each mile. As this is a deeper ditch than can 
be cut directly with this kind of machine, it is necessary at first 
to take out the section marked a in the figure, 41 ft. wide and 2 ft. 
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deep, ufiing a 21-ft, elevator, working each plowing from the J 
outside to the center, and delivering the earth on each bai 
Then narrow the work down to 23 ft., as shown by section b, : 
take out 3 ft. with slopes of IJ to 1, working from the outside t 
the center, and delivering the earth on each bank as before. Then " 
the remaining 2-ft. section c is taken out by cross-firing, working 
from center to outside, and delivering the earth on the opposite 
shoulder, which was prepared by taking out the first 2 ft. The 
manner of handling the work, by excavating the earth from the 
left side of the ditch and dumping it on tlie right bank, and vice 
versa, is called cross-firing. 

The real cost per mile for excavating a ditch of the dimen-1 
Biona given will be ¥4.50, This, however, does not include I 
general expenses, suiifiiiilciMkiUT, euiilr^L'lors' profit, etc. Fii 




143 gives a fab- idea of the excavation of trenches by means of I 
the New Era grader. 

In ditches of larger dimensions, or wh^n the earth from l 
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■CDta must be uaed for fills, the hauliiig is done by means of dump- 
litng-wngons. The work should be arraaged so as to liavc always 
ran enipty wagon at hand reatly to l>e filled. As soon as one wagon 
I lo»tle<l an empty one must take its place under the incline. 
I The Buct-ess of the work consists in having the ]>roiJer number of 
f mgons sening the machine, and tliis number should be in pro- 
I portion to the distance of haul. To load 1000 cu. yds. in ten 
I hours ft wagon must be at the side of the machine every 30 to 50 
*nnils. A l^am with a dumping-wagon will haul to a dLstanoe 
of W ft., dump, and return in one minute. When the haul is not 
ovirr 50 ft., four wagons will attend the machine. For each addi- 
tional 90 ft. another team must be aildeii. 

Fig. 144 represents the Western ek-viirim^-frnidfr, ditrhr^r, 




wagon-loader, a machine similar to the New Kra grailcr, 
Fravaling and loading earth into -wagons. It shows a wagon 
5 loaded while both machine and wagon are in motion. 
The following table, indicating the number of wagons to be 
the total daily cost of handling the earth, including the 
t of operating the machine and the wagons necessary for the 
isportation of the earth, as well as the cost per cubic yard of 
earth removed, is given by the F. C. Austin Manufacturing Com- 
pany, the manufacturers of the New Era grader. These estimates 
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are based upon the cost of handling on the level, but for deep ex- 
cavations in large canals or high embankments, in constructing 
levees or reservoirs, 10 per cent, should be added to the price given. 
For cutting down hills where wagons load heavily for down-hill 
haul, 10 per cent, can be deducted from the price named. The 
wage-rate assumed is $3.50 for man and team. 



I^nKth of 
Haul. 


Number of 


Total Daily 


Cost per 
Cubic Yard, 


Feet. 


nagoiM. 


(Vxst. 


Centa. 


140 to 320 


5 


$34.75 


^ 


410 


6 


38 . 25 


3J 


500 


7 


41.75 


4jt 


590 


8 


45.25 


^ 


6S0 


9 


48 . 75 


4J 


950 


12 


60.25 


6 


1220 


15 


70.75 


7 


1670 


20 


88.25 


9 


1940 


'23 


9«i.75 


10 


2300 


27 


112.75 


lU 


2600 


30 


122.25 


m 


3000 


35 


157.25 


15,»o 



In cutting trenches of small depth, as well as in the excava- 
tion of earth from borrow-pits, in which the materials used in 
the fills or deposited on sj)oil-banks must be transported in a 
direction perpendicular to the axis of the construction and at a 
distance not greater than 90 ft., the most economical %vay of 
doing the work is to loosen the earth by hand-tools and haul the 
excavated materials bv means of wheelbarrows. 

A distinction, however, should be made in the cutting of 
trenches on side-hills. Here the distance from the cuts to the 
spoil-banks or fills is so short that the excavated materials can 
be easily deposited by a throw of the shovel. The work in such 
a cas(* does not afford any difficulty. One man with a pick will 
do th(^ loosening, while another man with a shovel will throw 
the excavated materials to the required point. Laborers can be 
placed ev(Ty 10 ft., and even at a smaller distance apart, along 
the axis of construction. 

In excavatiiif]; trcMiclies by hand where the mat-erial is trans- 
portiMl hy iii(»iins of wheelbarrows, two cases may happen: either 
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the materials must be deposited alongside the edges of the cuts 
in a direction perpendicular to the axis of the construction, or 
the materials are used to make fills along the road. 

WTien the excavated earth is deposited on spoil-banks located 
perpendicularly to the axis of the road, the work can be arranged 
in the manner indicated in Figs. 145, 146, and 147. Fig. 145 
represents the longitudinal profile of the trench, Fig. 146 repre- 




Axis of the Treobh 




%^^ 



Figs. 145, 14G, 147. 

sents the plan, the two other figures being the longitudinal and 
cross-section of the trench respectively. The work is arranged 
in the following manner: The tn^nch is divided into s(»ctions of 
about 100 ft. each; on every section a gang of lal)orers is (em- 
ployed, acting independently on(* gimg from aiiolher. L^acli sec- 
tion is separated from the succ(MMling one* l)y means of a horizon- 
tal bench 5 ft. long, left so that two laborers witli wlKM'lbarrows 
may pass on this platform witliout interference. The work 
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begins with the excavation of the soil for a depth of 1 ft. or 1^ ft., 
and the material is deposited in a direction perpendicular to the 
longitudinal axis of the trench. But as the work progresses, in 
order to reach the bottom of the excavation, it is necessary to 
have inclined roads. These are obtained by excavating the 
ground on a double incline from each platform. The excavation 
is carried do\vn to a depth which depends upon the inclination of 
the road. It has been already remarked that when the trans- 
portation of excavated materials is done by means of wheelbar- 
rows, the inclination of the road should not be greater than ^; 
consequently on 100 ft., which is the length of the working sec- 
tions, the inclination of the road should not be greater than 
Y/ =8 ft., or in other words on each road only a depth of 8 ft. is 
reached. When the ground must be excavated to a greater 
depth, at the foot of the incUned road is left another horizontal 
bench 5 ft. wide, and then the excavation is carried dowm on an 
incline parallel to, but in the opposite direction from, the former 
one. At the foot of this second incline a depth of 16 ft. will be 
reached. In case the excavation should be carried to a still 
greater depth, at the foot of this second incline another 5 ft. wide 
horizontal bench is left, and another incline started with its direc- 
tion opposite to the second and equal to the first of the inclined 
roads. The work proceeds in this manner until the bottom of 
the trench is reached, and then the various inclines are removed, 
beginning with the lower ones. 

When, instead of excavating a trench, an embankment must 
be formed with the materials taken from a borrow-pit, the work 
can be arranged in the manner indicated in Figs. 148, 149, and 
150, in which Fig. 149 represents the plan, Fig. 148 the longitudi- 
nal profil(\ and Fig. 150 a cross-section of the embankment taken 
alon^ tlu' line AB. These clearly show that the embankment is 
formed by difTcMvnt strata of earth of equal thickness placed one 
al)ove tlie other, and with the inclination of the temporary incline 
built for the access of the wheelbarrows, their horizontal pro- 
jection is in the form of a trapezium. Thus, for instance, if the 
to|) of the embankment has a width of 30 ft., with a slope of 
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1 : li, and is 12 ft. high, the inclines having a graile of ^^ the 
hfight of such a trapozium will be 12x12 = 144, and the bn.«ps 
will Ije 30 and 66 ft. respectively. The stratum in formation does 
Fio. MS. . 




not pre^-cnt the simultaneous coastruction of other strata over- 
lapping each other. When the work is completed the longitudinal 
profile of the top of the embaiikmont will be in the sha|)e of a 



Such an arrangement of the work, however, does not allow 

I that freedom of action of the various gangs of laborers working 

t the different strata which is permitted with the arrangement 

(cribed in the previous example. 

WTien the hauling is done by means of wheelbarrows, it is 

iry to arrange the work in such a manner as to give eontinu- 

i work to the men. The nmnber of wheelbarrows to be eni- 

plo>'ed must be such that a wheeler as soon as he arrives at the 

loading place will find a wheelbarrow alreatiy loaded, while the 

sho\-eler will always have at himd a wheelbarrow to load. The 

; employed by a wheeler to go a. distance, d, should be the 
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same employed by the shoveler in loading a wheelbarrow. This 

distance d is called a relay, and its length depends upon the speed 

of the wheeler and the capacity of the barrow. 

In a ten-hour day's work a shoveler may load 20 cu. yds. or 

20x27=540 cu. ft.; the capacity of wheelbarrows being 3 cu. ft., 

a shoveler will load 180 barrows in a day. The time t required 

36 000 
to load each barrow will be .' =200 seconds. Now a man 

with a load may easily travel 10 miles per day on horizontal roads 
and consequently the length of the relay will be given by 

^^^^^^=2d=290iL and d = 195ft. 

But when the grade is ascending, the greater will be the effort 
and the smaller the efficiency of the work which may be reduced 
to only two-thirds. The length d of the relay will also be 
reduced to one-third, and will be 130 ft. 

From these simple calculations the number of men to be 
employed can be easily deduced, which is as many shovelers as 
there are relays in the distance. Thus, for instance, if the earth 
should be dumped 300 ft. away, or li relays, it is necessary to 
employ 1^ wheelers for each shoveler, and if the work is so wide 
that it allows 8 men to work with the shovel, they will provide 
continuous work for 12 wheelers. If the earth is so strong as 
to be classified as two-man earth, the number of laborers re- 
quired for the work will be 4 men at the pick, 8 shovelers, and 
12 wheelers. The work done at this attack can be assumed at 
160 cu. yds. of earth measured loose, or 120 cu. yds. measured 
in the cut. 

When the excavation of the earth is done by hand tools and 
the hauling Iw wagons, the work can be considered under two 
different as|)ects — viz., the cut is above the ground-surface so that 
the cars have access to the front by travelling on the new^ly made 
plane, or (^Ise the cut is below the ground-surface as in the excava- 
tion of cellars or the foundations of high buildings or in wide 
trendies for subways, etc. In both cases the work is very sim- 
ple, the only dillicully being in the arrangement of the work so 
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as to employ men ami wagons in smrh a iiuniIxT that nt'lthor the 
rm-n nor the wagons remaiu idle for a single instant. Each attack 
Hhoiild be considered independently from any other, and on each 
one the workmen should Ijc dividetl into two gangs — one coin- 
poaeii of men with picks to remove the earth from the bank, and 
llie wcond of ,shoveiori» that will load the Wiigoiis. The success 
of the work will dpi>end upon the employment of the most con- 
venient number of men and wagons in the case considered. 

The iinmbor of men to be cmptoyeil in breaking down the 
bank of earth will dpp<>nd ui>on the quality of the soil ami the 
height of the cut. It should be dire<^tly projmrlional lo the con- 
swtency of the soil, and inversely proportional to the height of 
lire cut. The earth is sometimes classified as one man, two men, 
etc., which means that one man can remove such a quantity of 
earth from the bank as to give continuous work to one, two, three, 
etc., shovelers. Or what is the same, a man can break down a. 
quantity of p-arth from the bank in the same length of time that 
DDe, two, three, etc., men can .shovel it into wagons. 

But the quantity of earth removed by means of the pick de- 
pends also upon the height of the cut. The smaller the height 
ibc greater will be the effort, while with greater heights a larger 
quantity of earth can be battered tlown, because the men can 
facilitate the excavation of the earth by undercutting the bank 
at first, and then causing its fall by means of wedges or levera. 
In any case it will not take a long time and study to observe if 
the nien employed at the excavation are removing from the bank 
the total quantity of earth required for the day's haul. 

It is more difticiJt to decide what is the most convenient 
number of men to be employed for loading cars at each attack. 
ll is a common practice among contractors to employ as many 
shovelers as possible around the wagons; the result is that the 
men often interfere with one another and their work is not very 
efficient. The writer has watched very carefiJIy the loading of 
»7agons in the construction of tlie New York subway on one of 
the sections where the work was carried on very successfully and 
was highly praised by the engineers; 12 men were employed in 
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loading a wagon, and it took them between five and six minutes 
to shovel the earth into a wagon of 1^ cu. yds. capacity, and it 
took nearly two minutes to have the loaded wagon leave the place 
and an empty one ready for loading. In the average 7 wagons 
per hour were loaded; in ten hours' work the 12 men could load 
105 cu. yds. or about 9 cu. yds. each, which the writer does not 
consider at all a good day's work. Besides when the hajl is long, 
it is almost impossible to have the cars always at hand succeeding 
each other with the regularity of a working machine, and this 
will still further reduce the efficiency of the shovelers. 

By shortening the time for loading the wagons, the larger will 
be the quantity of material hauled in a day, and since the time 
for loading chiefly depends upon the number of shovelers, it will 
be of great advantage to know what will be the most efficient 
number of shovelers to be employed. It will be impossible to 
give an answer that will fit any case, but the peculiar conditions 
of the work and localitv should be carefully examined. In manv 
cases the wagon is placed alongside the heap of excavated earth 
and then the number of shovelers should be greater on one side 
of the wagon than on the other. As a rule, if the men are too 
crowded they will not work satisfactorily. A man needs at least 
2 ft. space in order to work easily with the shovel. He should 
be placed in a position perj)endicular to the sides of the wagon, 
whose dimensions are usually 7X4 ft., so that no more than 4 
m(»n should be placed along the longer sides of the wagon, and only 
2 at th(» n*ar. To allow the men to work with comfort, thus ob- 
taining the greatest efficiency from their work, only 10 men should 
be employed in loading a car when it can be located in such a 
way as to be surrounded on every side by the heap of removeti 
earth. But in case the wagon may be located so as to have the 
earth ou\y along one side and at the rear no more than 6 men 
should bo employed. 

Th(» question may l>e asked, is it more convenient to increase 
the number of shovehTs, or to decrease the number of wagons? 
As a rul(^ it can Ix^ said that the most economical work is ob- 
tained by employing a smaller number of wagons served only by 
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few men, than a larger numl)er of wagons s(tv(mI by a crowd of 
rnen. except in eases in which the work should h(» completed in a 
<hort thne, and then the rapidity is the most imi)ortant item to 
'3e considereil even at the exi)ens(^ of (economy in cost. 

The nuinlx^r of wagons to Ik^ emjJoyed in {\\r work should be 
calculated by taking into consideration the following items: 

(1) The time required for loading the wagons, d(»i Mending ui)on 
the iiumlxT of shovelers emjJoyed. Thus in the* cas(» m(»ntioiied 
above the time for loading the ears was six minutes, and considiT- 
ing that it will take another minute to mov(* the wagon and get 
;inother into place, seven miimtc^s in all wero spent in loading it. 

(2) The numlx»r of wagons to be emi)loy(Ml <l(*p(Mids also u])on 
the time employed in hauling th(» load from the point of excava- 
tion to the dumping-place. Th<' time employ<Ml is th(» result of 
the two elements — the distance* of tlu* haul and th(» sjM'cd of the 
wagon. The former vari(*s and is rasily ilclcrmined by means 
of one of the various methods indicated for finding out the mean 
distance of haul; the latter is gcMierally assumed to be .S miles jxt 
hour. 

(3) The time nMjuired for unloading the wagon, which is 
a*5ually assumed as varying between one-tpiarter and one-half 
the time (»mi)loye<l for loading. 

(4) The time for the return trip, which is consiilered as e(|ual 
to the time employed by the wagon when loaded to travel the 
distance, in order to compensat(» for accidents met in the road 
and some unavoidable loss(\s of time. 

The time taken bv items I'l) and '.'ii is constant, what- 
ever the distance of hauling may b(\ while <2) and i H depeml 
uijon the distance. In the case referred to above, assuming 
the dumping-place located at 3(M)0 ft. fn»m the excavation, it 
will take s(*ven minutes for loa«ling, twenty minutes to reach the 
waste-banks, three mimites for unloading, and twenty nii;iutes 
for the return trij) — fifty minutes all together. Dividing tliis 
number by 7, the time emj)loy(Ml by the men in loading a 
car, we shall have V '"<''> ^'^<* iuuuIxt of cars reiiuuxMl to give 
continuous work to the shov(»lers. 
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In general the nunil)er of cars will be given by the fonnula 

t+2T+u 
'^~ i 

in which / = time employed for loading a wagon; 

r = time employed for reaching the dump; 
%i «= time for unloading \ or \L 

From this formula is easily deduced the great convenience of 
employing dumping-wagons which can be dumped while the 
wagon is in movement, since they eliminate one of the (juantities 
in the numerator. 

The cost of the excavation of the unit of volume of the material 
is given by the sum of the different quantities divided by the 
total amount of earth hauled in a day. The different it^nis enter- 
ing into the calculation are (a) the cost of removing the earth 
from the bank, which is given by the wages of the men employed 
in such an oix»ration, whose number depends upon the consistency 
of the soil; Qi) the cost of shoveling the earth into the wagons, 
given by the wages of the laborers, whose number should be fixed 
by the engineer according to the various conditions of the locality; 
(r) the cost of the hauling, which depends upon the distance, 
and (rf) the cost of unloading the wagon. 

Considering the case referred to above, in which 12 men are 
employed in loading a wagon, the distance of hauling being 30(X) 
ft. and the (luantity of (»arth transjwrted 105 cu. yds., and assum- 
ing also that the wagons employed are of the contractor's dump 
tvi)e, and the consistency of the soil is three men, the cost of a 
unit of volume of the earth excavated and hauled away will be 
as follows: 

4 men at the cut $1.50 each= $6.00 

12sh()velers 1.50 " « 18.00 

7 wagons, cost of hiring 5.00 " -« 35.00 

Total cost $59.00 

-Y-^-' ••"><>7 <^*<>^^ ^^ the excavation and haul per cu. yd. 



In case only 6 men are employed in loading the oars, working 
easier, they \v\\l shovel not less than 12 eu, yds. per day each, 
or 72 cu. yds. in a ten-hour ilay's work. They will spend twelve 
miniiU'R in loading a wagon of 1.5 cu. yds. capacity, and for the 
same distance of 3000 ft. it will require five cars to give continuous 
work to these men. The earth being of the same tenacity, the 
cost per cubic yard will be deduced us follows: 

2 men at the cut $1.50 each =$3.00 

6 men at the shovel 1.50 " = 9.00 

Swagons, cost of hiring 5.00 " —25.00 



^ 



By comparing these two figures it can be seen that there la 
no such great economy in increasinf^ the number of men for load- 
ing a wagon as is commonly Ix-lieved; the only ad\'antage is in 
the quantity of earth removed in a day. When the bank is wide 
enough to allow different gangs to work at the same time and 
without interfering with one another, it will be more convenient 
to fonn gangs of sho\-elcrs of a reasonably small number of men 
)nst«ail of crowding them around the wagons. 

The manner of directing the work when the cut is above ground 
does not present any difficulty. The wagons travel always at 
the level of the road and over the newly excavated plane, and go 
always nearer and nearer the front. To allow the wagons to easily 
turn, it is necessary to have a space for loading as wide as possible, 
and it will be convenient to divide the work into different attacks, 
having at each one a separate gang composetl of only a few men, 
instead of having only one gang iiiatie up of a great many men. 
E^h gang should lie provided with its own wagons, whoso number 
should be in proportion to the number of shovelers in the manner 
already explained. 

In case the cut is below the ground-surface, as usually happens 
in digging cellars or wide trenches for subways or other purposes, ' 
the work Ix-gins with the excavation of the soil, following a!i in- 
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clined plane with such a grade that it can be easily overcome 
by horses and wagons. When the plane of the excavation has 
been reached, the same nuinlx^r of men is employed in cutting 
the front of the bank forward, while the* same gangs of shovelers 
will load the earth into the wiigons as before. But other men 
will be employed in working in the opposit<> direction, cutting 
part of the wide incUne which was at first used. In this manner 
only a portion of the incline will remain, and will be left of such 
dimensions that it will afford an easy passage to two wagons 
going in opi)osite directions and without interfering with one 
another. 

This inclined road is the last j)ortion of the earth to be cut, 
and it is removed onlv after all the work of excavation has been 
completed. The cutting of this inclined road is done in two 
different ways, depending upon the implements at hand. If on 
the work tluTo is a hoisting-machine to be used afterward in 
connection with dcTricks or cal)lewavs, it mav be used for haul- 
ing th(» wagons uj) the incline. Then the road is sliced up so as 
to make it steei>er with every slice of earth taken away, and the 
wagons are i)ulled up by the rope connected to one of the reversible 
drums of the engine and atta(»hed to the shaft of the wagon. 
When the road bec()m(\s very steej), it is removed by cutting it in 
benches, one above the otluT, and 2 or 3 ft. wide each, and 
throwing tlu^ material to the ground-surface, from where it is 
loaded into the wagons. 

Wh(»n there is no hoisting-machine, the inclined road is re- 
moved by cutting it up in luMiches of different heights. This 
means that the earth is cut in i)arallel vertical slices and the mate- 
rial is loaded din^ctly into the wagons, which will stand on the 
edg(» of the cut. A\'ith th(» progn^ss of the work and when tlie 
cut has reached such a height that this is no longer possible, then 
the height of tho cut is divided into two benches. The earth 
removed from th(» lower bench is thrown on top of the same bench, 
wh(*r(» stand shovelers that throw the same earth on the wagons 
which stain I on top of the upjMT bench. R(H*esses of 2 or 3 ft. 
are left between the various benclu^s, and in this manner the earth 
is shoveled two or more times before being hauled away. 



CHAPTER XXI. 

THE DraECTION OF EXCAVATION WORK (CONTTNITED). 

The manner of excavating earth by hand-tools and removing 
it by means of industrial railways hauled by liorses is convenient 
for excavations of less than 30,0()0 cu. yds. of earth and for dis- 
tances not over 2 miles. The excavation of the earth from the 
bank is done in the same way as if the hauling were done by nutans 
of wagons. It is very important to have such a number of men 
at the bank as wnll cut down tlu* re(|uired ([uantity of earth with- 
out the shovelers and cars waiting for them. 

The maimer of arranging the tracks and how to form the 
embankments will be discussed later on. When the (excavation 
of the earth is obtained by means of powerful continuous and 
intennittent digging-machines, the arrangement of the tracks 
both at the front and at the dumping-place retiuin^s the groat (\<;t 
attention on account of the large (juantity of material (^xcavated 
and dumped in a day. The tracks must be moved continuously, 
and yet built with great solicHty, so as to stand the heavy traffic 
of the road. This does not happen with industrial railways, 
especially when hauled by horses. Here will be given only the 
manner of fixing the number of liorses, the numlxT of trains, and 
the number of cars of which each train should be composed, so as 
to give continuous work without any loss of time; and also the 
various methods of cutting the trenches, as well as the manner 
of calculating the cost of the transportation of the unit of volume 
of the material. 

It is assumed that the capacity of the cars is 1 cu. yd. each, 
and the rails are placed on horizontal roads or with an inclination 
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less than 3 per cent., and that the speed of the horses in hauling 
a train will be 2\ miles per hour. On these conditions a horse, it 
is assumed, can haul five cars. 

The number of horses, H, required to haul a train of n cars of 
the capacity of c cu. yds. and weight w is given by the formula 

HT^n{cm+w)(g±i), 

where T is the mean hauling efficiency of a horse working ten 
hours a day, m is the weight of 1 cu. yd. of the excavated mate- 
rial, g is the resistance of friction of the rails, and i the inclination 
of rails. The sign + is for the ascending roads, and the sign — 
when the road descends from the point of excavation toward the 
filling embankment or dumping-place. iV, being the number of 
trains required for the continuity of the work, is found in the 
same way as the number of wagons required in the work when 
the earth is hauled by means of wagons. It is obtained by divid- 
ing the time employed in the round trip by the time employed 
in loading the train, including in the round trip also the time 
for loading and unloading the cars, or 

2d 

where d is the distance of hauling, v the velocity in feet per hour, 
/ time employed in loading a train, t^ time required for imloading 
the train. 

The number of cars required for continuous work depends 
upon the volume Q in cubic yards of the whole excavation, and 
upon Dy the number of days in which the work should be done; 
also the number h of working hours per day, upon the distance d, 
the velocity v of the hauling, and upon the time t and ti employed 
in loading and unloading. The number of cars, C, to be loaded 

every day is given by yr-;, in which c represents the capacity of 
each car. But since each car is loaded several times a dav, 
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according to the distance of hauling, the number of cars to be 
employed in the work will be given by the formula 



c-« 



Dch 



I 2d \ 



C being the number of cars required in order to have continuous 
work, the number of cars n for each train will be given by 



Ct 



n=^-7-r = 



N 2d ^ 

V 

Consequently the work should be arranged with a number of 
horses. 



^=1/,"+ 



with a number of cars, 

2d \ 

with a number of traias, 

2d 

and each train provided with a nunil)er of cars, 

C 

n =TT. 
i\ 

The cutting of the trenches for roads and railroads, Ix^sidos 
the usual manner of attacking the hank at the front for the whole 
width of the trench, can be made also in two different wavs, known 
as the open-cut and tlie English method. 

The open-cut method was in great favor with engineers and 
contractors some time ago, Init it is now n(»arlv al)an(lone(l: it 
is given here because in some particular cases it may be found 
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useful even to-day. Figs. 151 and 152 show the plan and longi- 
tudinal section of a trench. Along the longitudinal axis of the 
trench is opened a cut for the whole height of the trench. The 
width of the cut is such as to allow the passage of cars and its 

Fia. 151. 




sides are left as vertical as possible. On the bottom of this cut, 
corresponding to tlie plan of the proposed road, is laid the track. 
The cut is widened afterward by means of the lateral excavations 
marked S2, S^, S^, etc., in the figure, and each cut has its own 
point of loading. As soon as the parts S, are excavated the track 
is shifted into two lines, each one being close to the excavation, 
so that the work is served by a double-track line except on 
parts 1 and 2, where there is only a single-track line for hauling 
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the earth excavated at parts 1 and 2. The congestion of cars 
at the front prevents all gangs from working continuously, because 
they have to stop while the trains are raanceu\Ting, and for tiiis 
reason this method of cutting trenches is expensive and slow. 

Fio. 153. 




Fig. 154. 

A similar method, but one affording greater convenience, is the 
one indicated in Figs. 153 and 154. It consists in opening at 
fiist a narrow trench along the longitudinal axis of the cut. On 
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the floor of this trench, whose depth is very shallow, is placed a 
single-track line, and the excavation is then made on the part 
marked 2 in the figure and is carried down to such a depth that 
it is no longer possible to load the cars. After this cut has been 
made the track is removed to the bottom of excavation No. 2, 
and the cars are loaded with the earth taken from the cut marked 3 
and 4 in the figure at the right and left of the track. When the 
excavation of these two parts is completed the track is lowered 
to the floor of cut No. 3 and the earth is taken from parts 5 and 
6, and when these are entirely cut, the track is lowered again 
to the bottom of trench No. 5 and the earth is excavated from 
parts 7 and 8, etc. 

The arrangement of the tracks along the longitudinal axis 
of the construction is indicated in Fig. 154. The work begins 
by laying the track in Section 1 with an inclination very close 
to the ground-surface, which in some cases may be verj' steep. 
With the consecutive excavations the inclination of the road is 
changed until a convenient one is obtained for the cars employed 
to haul the earth. Such an inclination begins to be convenient 
in the excavation of Section 5 and the following imtil the floor 
of the trench is reached. On this the loaded cars may easily 
slide down the incline and perhaps haul up the empty ones, 
or these can be otherwise easily hauled up. The descending of 
the loaded cars along steep roads is, however, very dangerous, 
and if they are not provided with brakes some means should be 
devised to prevent their running away in the manner described 
in hauling the material on inclined roads. 

The lowering and removing of the track from one section to 
another can be performed in clifi'erent ways, depending chiefly 
on the quality of the soil and the particular conditions of the 
locality. Thus, in the ciise considered above, after the corre- 
sponding cuts have been niado, the tracks must be not only lowereil, 
but also transferred horizontally. When the soil is verj' loose 
or wet on account of percolation of water, the moving of the tra<?k 
is obtained l)y moans of several mc^n working along the line and 
pushing the track with iron bars. The track will reach its new 
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position by sliding along the slope which was left for the former 
i-mbankment and \i])on which the track stood. But when the 
soil is dry and reaLslent so thiit the sides of the cut are nearly 
vertical, the track is lowered and then tninsferred horizontally 
to its new ijosition. In such ii case the earth under the track is 
removed until only a few pillars are left to hold up the track; 
then props are inserted and the pillars of earth cut down. By 
removing the props the track will fall on the floor of the exca- 
vation, from where by meaR? of levers it can easily be transferred 
!o the required place. 

The arrangement, of the cars at the point of excavation must 
be such as to insure continuous work both to the men and machines, 
in case these are employed, for the removal of the earth. This 
is a very important item to be considered, especially in works of 
great raagnitmle; then it is necessary to dispose the tracks in 
such a way that a train of empty cars may immediately take the 
place of the ones who.se cars have just been loaded. 

When the work is in side hill, as in the excavation of the 
trench given in Fig. 153, the simple^st arrangement of the tracks is 
that indicated in Fig. 154, where a track AB is located at tlie foot 
of the slope and on the floor of cut 5 where the men are working. 
At a short, tlistance from the point of excavation it is necessary 
to have a side track for the service of the trains. The empty 
train enters the track EF and stops there, while either the horses 
or the locomotive haul the loaded train along the track AB to a 
point beyond the switch C on the main track. Then the empty 
train m hauled back on the main track and enters the track AB, 
bringing the empty train to the point of hauling. 

In many cases the bank Ls attacked at several points along 
the front and then more than one train may be loaded at a time. 
The convenient arrangement of the track is the one indicated in 
Fig- 155. The main track is produced as far as possible, and 
finally it turns to reach the bank at the mo^t advanced point 
\ where the train AB is loaded. Along the main track is placed a 
f switch with a side track EF for the lojwiing of another train. 
I Also in this case along the main track it is necessary to have a 
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switch with a side track CD for the service of the trains. Such 
an arrangement affords independence to the trains which will 
be operated in just the same manner as indicated above. 

Another manner of cutting trenches is according to the Eng- 
lish method, which was at first commonly employed in England 
in the construction of railroads, and followed afterwards on the 
continent, but is nearly abandoned now. Along the longitudinal 
axis of the construction and close to the floor of the proposed 
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excavation a heading was excavated. The dimensions of this 
were such as to allow the passage of a train running on a nar- 
row-gauge track. All along the line and just above the heading 
shafts were sunk and communication established between the 
ground-surface and the heading. The shafts were afterwards 
enlarged in a funnel-like shape throwing the material inside the 
shaft, and this filled the cars that were ready there. The loaded 
cars were removed, and another train of empty ones took their 




Fia. 156. 



FiQ. 157. 



place and were ready to be filled. In this manner the expensive 
cost of loading the cars was dispensed with. The dimensions of 
the heading were 6X7 ft., while the shafts were 4 ft. square. 
Other advantages of this method are the rapidity of the work, 
and that the track is placed where it serv^es for all the work with- 
out the necessity of removing it. Besides, the heading being 
excavated at the lowest point of the work, it served as a drain. 
But th(^ groat cost of the excavation of the heading makes this 
system ol)jectionab]e, osi)ecially when the cut is not very deep. 
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Figs. 156 and 157 show the longitudinal profile and cross-section 
(if a trench excavation according to the English method. 

The cost of the unit of volume of the work as obtained from 
le working expenses is deduced from the following items: 

(a) The cost of excavation. 

(b) Tlie cost of loading the cars. i 
(r) The cost of the motive power. 
((f) The cost of unloading the cars. 
Theae are ver>' easily calculated without the necessity of intro- 

acing complicated fonnulas or ha\'ing recourse to difficult alge- 
■aie solutions. But it is nt^cessary to remember that the cost 
I given by these items is not the real one, since it does not include 
C interest of the capital invested in the cars and road; the cost 
maintaining the road in good working order, of setting up 
e plajit at the Vieginning of the work, and of removing it after 
e work is completed : the expenses for lubricating the cars and 
tairing both the tracks and cars, and all the other expenses, 
leluding the sinking fund. Some of these items are easily de- 
iced from the cost of the plant, as, for instance, the interest of 
e capital ajid sinking fund. The repairing is calculated per 
iDum at one-fourth of the total cost of the cars and tracks, and 
' dividing this sum by the total quantity of earth hauled in a 
ar is found the quota to be added to the cost of the imit of 
tiume for repairing. The cost of the maintenance of the road 
usually gi^'en liy the wages of the men employed for this pur- 
se, and the cost of setting up and removing the road is generally 
umed at 15 or 20 cents per lineal foot. 

In excavations of great magnitutle the earth is removed by 

■hmc, and the tran.s|)ortation of the exca\-ated mat-erial is 

lly done by trains composed of ordinary railroad cars running 

I standard-gauge tracks and hauled by locomotives. The direc- 

m of the work in such a case is \'cry difficult, and it will be 

most impossible to indicate rules in regard to the maimer the 

ark should be directed, Everj- work can be done in different 

Ill's, but the selection of the most convenient in the peculiar 

; tlie engineer has to deal with depends ujxin many circimi- 
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stances, chiefly on the local conditions of the work and the machines 
employed. In any case the engineer should do the work in the 
simplest way and with the smallest effort, which \\dll result in 
obtaining the work at the smallest cost. This generally is accom- 
plished by selecting the most efficient excavators; by a rational 
sequence of the various cuts required for opening the trench; by 
the most convenient and economic location of the tracks: bv the 
emplojTnent of only the number of cars and locomotives strictly 
necessary for the work; by the proper formation of trains; by 
facilitating the unloading of the cars at the dumping-place, and 
by looking to ever}' thing, even to the smallest details, so as to 
have the work nm with the regularity of a machine. 

The greatest attention should be devoted to the selection of 
the most convenient excavating machines required for the work. 
In the description of the various excavators it was said that both 
the continuous and intermittent machines will dig either above 
or below the plane of the embankment upon which the machine 
stands. With the exception of the grabbing-bucket excavator, 
which is able to dig the earth from any depth, all the other machines 
excavate the earth to a limited height only so that when the 
trench to be cut is ver}' high, it is necessary to cut it in several 
sections one above the other. This will require the removal and 
lowering of the trackway several times, an operation which 
involves heavy expense. In such a case it will be useful to 
employ different kinds of machines for the various sections into 
which the cut is made. Thus, for instance, it will be convenient 
to employ a steam-shovel for cutting the earth for the first 15 or 
20 ft. in height, and to remove the material on trains running on 
tracks laid on the floor of the cut. The steam-shovel should be 
followed by a down-iligging machine, either of the continuous 
or inlerinittent tyix^, and the material loaded onto trains nmning 
on the track i)roviously laid on the floor of the first cut. In this 
manner tb.o cost of removing the tracks will be greatly reduced, 
antl such an arranjijcMnout is liable to yield fair profits to the con- 
tractors. But il rrquiros the employment of different kinds of 
machines, and consoiiuently the necessity of having a larger and 




oxppnsJve plant, besides the inconvenience of having two ^ 
of men operating and working in an entirely different way. and it 
will be very difficult to make these various appliances work har- 
nionioiislr. especially if the trench does not extend to a great 
length. .\11 the ailvantages anti dLsadvantagea should be care- 
fully examined, and selection should be made of the method 
which, in the partictJar ease the engineer has to deal with, will 
afford the greatest advantage. 

In r^ard to excavators, jVnierican engineers have very little 
to select from, since the only excavator commonly employed in 
tills country is the steam-shovel. It is, and has been, so exten- 
sively used that the operators have acquired such an experience 
in its handling that they usually obtain results not very far from 
the technical efficiency of the machine. 

The sequence of the cuts in the trenches as well as the arrange- 
ment of the tracks for hauling the materials excavated by means 
of the steam-shovel have been so fully discussed by Mr. E. A. 
Hermann in his book, "Steam-shovels and Steam-shovel Work," 
that it will be Ijetter to refer the reader to this book than to attempt 
to give here an incomplete description of the various cases he has 
considered. It is necessary to remark that these are not the only 
ones encountered in the work of excavation, nor is the indicated 
manner of excavating and haulmg the only one which may be 
employed m such a case. Here only three cases are considered, 
the widening of a cut when the material is loaded on the main 
track; second, cutting down grades; and third, opening new 
trsnches for construction works. .\11 of them are deduced from 
the l>ook of Mr. Hennann. 

Widening a Cut. — The manner of doing the work is clearly 
indicated in Fig. 158. A switch is put on the main tntck 
just beyomi the end of the cut and far enough away to pennit 
the steam-shovel to load the cars on the main track. Very often 
in the beginning there is not much room for tlie machine, and 
then the bank is at first attacked by hand-tools and the earth 
removed by means of wheelbarrows. Such a work is carried 
on until a side track for the machine can be placed on the floor 
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of the excavation. Through the switch of the main track the 
machine is brought in front of the bank of earth to be removed 
and is ready for work. Strings of ten to twenty cars are then drawn 
along the main track and stopped opposite the machine for load- 
ing. This machine as it works advances, and when it has reached 
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Fig. 15S. 

the end of the switch it advances on short sections of track generally 
4 ft. long, which are placed in front of it and again taken from 
lis rear, when it has moved forward. After all the cars have been 
loaded they are taken away for imloading. Sometimes the 
steam-shovel is left idle until the train returns, which is a verv 
wasteful method of working, even where the haul to the dump 
is short, half a mile to two miles. Two engines and crews should 
be used for hauls up to ten miles; three engines and crews or 
more for longer hauls, or where the traffic on the main line is 
ver)' hea\y and delays to the work-trains are frequent, the mate- 
rial is generally utilized in filling trestles, widening embankments 
for side tracks, double tracks, yards, etc., thereby making two 
improvements at the same time. 

Cutting Down Grades. — Suppose that the grade of the roa<l 
is to Ik^ lowered in the manner indicated in Fig. 159. From 
a switch inserted on the main track at grade the machine ad- 
vances, cutting the portion marked 1 and loading the cars standing 
on the main track. As it cuts it moves forward on a track laid 
on the Hoor of the j^it, which is usually 2 ft. below the plane of the 
main tra(*k. The steam-shovel cuts its way and advances con- 
tinuously until the cut has been made for the whole length of 
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the knoll, and then the track, which in this case was built con- 
tinuous infitpad of in small sections as before, is switched to the 
main track. The machine is brought back again on the main 
track and the new track will now be t#mi>orarily used by the 
trains as main track. The machine will Ijegin to cut No. 2, 
loading the materials into the cars running on the temporary 




main track on the bottom of pit 1 . Tlie cut is also made for the 
whole length of the knoll, and the track laid for the machine will 
I* the pemianfnt track of the new road. The machine is brought 
Irnck again, rutting the portion of trench No. 3, loading the cars 
running on the tracks of pit 2. When also this portion has been 
cut the slopes are adjusted by cutling the parts hrniting the top of 
the slope, using the materials for the fillings of tlie lower portion 
of the same slope. 

Construction Work. — In the construction of new roads it ia 
necessary sonietimi'^ to cut wide and dee|i trenches, and the work 
[.is done on small sections at a time. Suppose we have to cut the 
|. trench given in Fig. 160. The cut will lie made at different 
I times and in the order marked in the figure. The work begins 
f with the excavation of portion L and the material is hauled 
(away by cars running on a track temporarily placed on top of 
I the surface-ground and close to the edge of cut 1. WTiile 
F the machine advances cutting its way, on the bottom of pit 1 
f is placed a track upon whicli the trams will pass when the machine 
[ is cutting portion 2. The work will be continued in the same 
■way, always building up a new track for the machine, while the 
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trains will pass on the track previously built for the machine when 
cutting the preceding portion. The work is arranged in several 
portions, and when all are excavated the whole trench is opened 
to the required depth and dimensions. The success of the opera- 
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Fig. 160. 

tion depends upon the secjuence of the cuts and the rational arrange- 
ment and connection of the tracks. 

Difficulties, however, are liable to be encountered, especially 
in the excavation of part 1 , when cutting knolls. These are chiefly 
due either to the inclination of the surface-ground or to the differ- 
ences in d(»pth betwe(»n the floor of the pit of the first cut and 
the surrounding surface-ground where the track for the removal 
of the material is located. The first inconvenience is usuallv 
avoided in difi'orent ways, depending upon the condition of the 
locality. Sometimes light railroads are used, either hauled by 
horses or by roi)es in the manner described for hauling materials 
on inclined roads when the sloi)e of the knoll is great, or 
by removing tlu» material from cut 1 by means of wagons. 
The second inconvenience is avoided by raising the track upon 
which the machine advances, and this is obtained by a cribwork. 
After the (excavation of part 1 is comi)leted and the machine is 
brought back n^^n'm so as to begin the cut of portion 2, the 
cribwork is removcMJ and the track for the trains will now rest 
on the floor of j)il 1. 

The train must be formed so as to be in proportion with the 
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force of the locomotive, and yet to obtain the greatest efficiency 
hy using the smallest number of cars possible, without inter- 
fering with the continuity of the work. If the total numb(T of 
cars is such that thev can be hauled bv onlv one locomotive, 
it will be better to have onlv one train. After loaded, it is 
unnKHliately hauled to the dumping-place and unloaded, return- 
ing right away to the ix)int of excavation to be loaded again. In 
many cases, however, notwithstanding it is possible to haul all 
the cars in one train, the loss of time will be so great that the 
work will not be completed at th(» api)ointed time; it will be more 
convenient to use two locomotiv(\s of small(T efliciencv and form 
two trains, each ha\nng a numlxT of cars half of the total numl)er 
required for the work. In this cas(* the trains will alternate at 
the excavation and at the dump, and the service of locomotives 
must be arranged in such a way that the stops of the* trains at the 
extreme i)oints will last only the time reciuired for the loading 
and unloading of the cars. Otherwise, to compensate for the 
loss of time without using anoth(T locomotive, it should be 
necessarv to increase the number of cars, and this addition will 
tend to increase the cost of the work without any useful practical 

return. 

2d 
If the time — employed by the train in its round trip is equal 

to the time / reciuired for loading another train, and (Mjual also 
to the time t^ for unloading the same train, it is necessarv to liave 

three trains, each one composed of numl)er ol cars, wliere (' is 

the total numl)er of cars rec^uired for the (excavation. 

The number of trains reciuired for the work is jriven by tlu^ 
formula 
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and each train will be coinpDscd of a iiuiuIkm- of curs, 

CI 
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The total number of cars to be employed depends upon the time 
allowed by the specifications to complete the work, and this ^\'ill 
guide also the engineer in ordering the number of excavators to 
do the work in the required time. The number of cars is given 
by the formula 






In regard to the arrangement of the tracks to the dumping- 
place for the formation of the embankment, it could be said that 
the embankments to be solid and resistent should be made of 
various strata as thin as possible. These strata should be as 
horizontal as possible, and they arc constructed in the following 
manner: Beginning at the point at grade is built up at first a 
narrow embankment as high as the first stratum and formed by 
dumping the cars from their front ends. Upon the track that 
is laid on this embankment and advanced with it are nm the 
trains that dump the material sideways, thus enlarging the filling 
for the whole width of the embankment. The track is continu- 
ously moved so as to remain always on the edge of the filling. 
Then the second stratum is built up in the same manner, by form- 
ing a second narrow embankment as before by dumping the cars 
from their front end and continuously advancing the tracks, and 
it is widened in the same way by dumping the earth from the 
sides of the cars. In a similar manner is constructed the third 
stratum, and thus the surface of the embankment is reached if 
the successive strata are built \vith one-third of the total height at 
a time. Figs. 161 and 162 show the longitudinal and cross-section 



Fig. 161. Fig. 162. 

of an embankment constructed in the manner just explained. 
The cross-section indicates also the most economic way of moving 
the tracks, which arc shifted from the left to the right in the first 
stratum, in the opposite direction for the second, and as in the 
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first for the thinl, when the whole embankment was divided into 
three sections built in succession. 

^lien ihe embankment has a greater height, it may be built 
by dumping the mat^^rials at the front for the whole width of the 
embankments. It can be made of different mclined strata, the 
first ones liaving great slopes, and the fiuccessi\'e smaller, until 
the total filling has been made and the embankment constructed 
lo the requireil height, and in the manner indicated in Fig, 163. 
Since by operating in this way the material must be dumped 




Fio 163 



t the front, when there are no cirs so conitructed it is necfisary 

I employ turntable'' two at le-u-^t and the\ can be located as 

Fig. 164. which sliows also the arrangement of the track?. 



Flo. 164. 



I'The main track is divided into two side-lines where run the loaded 
■s; the two turntables are jirovided with short section of track 
■connected with a third central track where the empty cars are 
Rntalled while awaiting to be formed into trains. Only one turn- 
■table may be ased for forming the front of the embankment, 
■ while it is widened by dumping the materials directly from the 
I care standing on the traclts. The arrangement of the turntable 
l-and tracks in this case is accomplished in the manner indicated 
I in Figs. 165 and 166. 

These various methods, although convenient for narrow-gauge 
I tracks, are not convenient when the heavy cars of the ordinary 
■mlroad type are emploj'ed. The tumtabls must advance con- 
Flinuoualy, its weight increases with the capacity of the cara 
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used, and it must be removed oftener. Another inconvenience 
is that these heavy turntables must always remain at the 
most advanced portion of the newly built embankment, just 
on top of the slope of the dump, where the earth is so loose 
that it can hardly stand their weight and is liable to sink or 
slide down, thus arresting all the work. Besides, dumping the 
cars in this way requires enormous time, owing to the fact 




Fig. 165. 




Fia. 166. 

that the cars must be detached, one at a time, brought upon 
the jjlatform and dumped, and then shifted back on the proper 
track. These various operations involve a great deal of time 
and expense, because several men and horses must be employed 
in handling the cars and forming the trains. Consequently such 
a method of forming embankments should be abandoned when 
the excavation is made by powerful machines and the earth 
is hauled by ordinary railroad-cars running on standard-gauge 
tracks, and the following system will be found then more con- 
venient. 

Along the longitudinal axis of the road is constructed a trestle 
with the tracks at the plane of the top of the embankment which 
it is propos(Hl to construct. Upon this track run the cars that 
are unloaded by machine, and the earth falls below and around 
the trestle which will form the backbone of the embankment. 
The cost of the construction of the trestle is compensated for 
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by the rapidity with which the embankment can be constructed, 
by not removing the tracks which otherwise will be required, and 
becaase it allows the unloading of the cars by machine. 

The unloading of the cars of the ordinary railroad type can 
be tlone by hand or by machine, according to the form of the cars 
used for hauling purposes. The most commonly employed are 
the gondola- and platform-cars and the large variety of dumi)ing- 
cars already described. 

The gondola-cars alone are dumped by hand. In such a 
case the laborers travel with the train, a gang on each car, the num- 
ber of men in each gang depending upon the time the locomotive 
is allowed to stop. In the construction of new embankments it 
is more convenient to form the train with the locomotive at the 
rear pushing the train instead of pulling it; but wlien the train 
is naming on the main track, it is indifferent whether the loco- 
motive is at the front or rear. When the train has reached the 
dumping-place the men remove the board at the side of the car, 
and thus a great deal of material will fall, while with shovels 
is hastily thrown down the remainder. The train thus unloaded 
b brought back to the excavation to be loaded again. But the 
cost of imloading materials by hand is very exi)ensive, and it 
is used only in connection with excavations of small (quantities 
of earth. 

The dumping-cars of the Goodwin and other types are cer- 
tainly very convenient and ea.silv handlcnl, but tliev are verv 
expensive, and the complicated parts forming tlie(lumi)ing arrang(»- 
ment easily get out of order, es])ecially when roughly handled, as it 
is in connection with the excavation, in which tlu* ear has on many 
occasions to stand the j(»rks and strains of the excavators. For 
thes(» reasons the dumi)ing-cars of larg(» caj^acity are very sc^ldom 
used in works of excavation. 

Engineers and contractors prefer to haul the excavated mate- 
rials on the ordinary platform-cars used on railroads, and the 
great advantage of their (Miiploynient is that they can he unloaded 
by machine. The simj)lest machine for unloading trains con- 
sists of a plow of large dini(»nsions restin<i; on the j)latforni of the 
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car, and it is located at the rear end of the train. This plow 'a 
tied to one end of a wire rope whose other end is fixed to the loco-J 
motive. When the train has rejiched the dumping-plaee. 
locomotive is detached and slowly moved away from the tmiiufl 
It will draw the wire rojie, and the plow will be pulled to thel 
front of the train; in passing along the platform it will clear it ( 
of all the materials, which will fall on the ground. TVIien the J 
train has been thus unloaded, the locomotive will back up, thel 
plow will be brouglit to its former position, the locomotive atlachet 
again to the train, and this will be moved lo the point of exrnvatim I 
to be loaded again. Although this manner of diniiping \< 




simple and preferable to any other, yet it involves a waste of tiraej 
in the performance of the various operations, especially in 
tachiiig and moving the locomotive; to avoifi these inconvenienci 
different machines have been devised. The most convenioni 
machine used for unloading t he cars is the rapid unloader, illustrated 
in Fig. 167, patented and built by the Lidgerwood Manufacturing 
Company, This consists of a plow of large dimensions placeil at tho 
rear end of the last car of the loaded train and resting upon th 
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platform of the car, the width of the plow being equal to that of 
the cars. Tlie plow is attached to a wire rojxj which is coiiinianded 
by a single-ilrum reversible engine* located at the front end of the 
first car close to the locomotive. By i)utting the engine into 
gear the druin revolves and wind.s the rope which will pull the 
plow. This, in sliding ui)on the platforms of the cars, which are 
made continuous by steel aprons, pulls all the earth out of the 
car, and it will form the embankment. Plows are made to dumi) 
either to the right or left side, or on both sides sinmltaneously, 
and then they arc provided with th(» j)()iiit at the center. To 
prevent the plow from running out of th(^ cars it is guidcMl by 
means of small vertical pieces of timber inserted vertically along 
the sides of the cars and a few fee^t apart. The locomotive^ i)ro- 
vides the steam to the engine, which (exerts a direct pull on the 
cable of 25 tons and draws in the same at a speed of 125 ft. per 
minute. The manufacturers claim that the entire act of stringing 
the cables, fastening them to the plow, the train running a mile 
to the point of dumping, the plowing off of the load, and the re- 
turning to the point of starting, requires about twenty minutes. 
The correctness of their statement has been i)r()ved on many 
occasions on the works of the Delaware and Hudson Canal 
Company's railroad. 



CHAPTER XXII. 

SHRINKAGE OF EARTH; COST OF EARTHWORK. 

In removing earth from its natural bed the cohesion of its 
particles is destroyed and consequently it will occupy larger 
spaces. Its volume increases according to the nature of the soil, 
as was explained on p. 134. When the earth is deposited in 
embankments at first it remains loose for some time, but in pres- 
ence of humidity and under pressure the particles are compacted 
so as to resume a small degree of cohesion. This produces the 
phenomenon of shrinkage, and more earth is required in the em- 
bankments if they have been constructed to a given level. 

The shrinkage of earth has been variously estimated by 
different authors. Prof. Johnson, for instance, is of the opinion 
that earth will shrink 16§ per cent., while Mr. H. P. Gillette states 
that it will not shrink more than 2 or 3 per cent. It is a very 
difficult task to reduce to a constant coefficient the shrinkage of 
earths, since it depends upon so many circiunstances which are 
very variable and each one of which should be taken into con- 
sideration. The principal causes, however, tending to alter the 
shrinkage of the earths are: the nature of the soil, the condition 
of the weather during which the embankments are formed, and 
the manner in wliich the embankments are built. 

Soils when ])lac(Hl in embankments shrink in a different way, 
according to their composition. In general it can be said that 
tlu* shrinkapo is inversely proportional to the looseness of the 
soil. The looser a soil is in its natural bed, the smaller will be its 
shrinkage in the embankment. This st^inds to reason. When 
a soil is lo()S(» its ])artieles are not very close together, with voids 
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between the particles; and since it will swell very little when re- 
moved it will also shrink very little when placed in the embank- 
ment. .\lso in the case of a compact soil: in being removed mtuiy 
voids will be fornicil and the material will swell greatly, and when 
the earth is put on the embankment it will occupy a larger volume 
than in the cut, and it will shrink greatly, due to the closing of 
the voids. The shrinkage of the embankment depends also upon 
the manner in which the embankment was formed. To prevent 
shrinkage the embankments should be made of thin layers placed 
one above the other and the earth in each layer should be well 
rammed. In ramming, the particles of earth are driven closer 
together, thus leaving a small number of voids, and the shrinkage 
will then be almost insensible. But if the embankment is fonned 
by dumping the material for the whole height of the embank- 
ment, numerous voids will be left in the mass, and they will slowly 
be filled in under the action of the pressure of the traffic on the 
surface of the embankment, and also on account of the water, 
which will tend to carry down the particles of the earth so as to 
fill all the voids. There is no doubt that in such a case the shrink- 
age of the embankment will be greater than if the embankment 
was built m small layers one on top of the other. Again, if, in 
building the embankment, the road upon which the materials to 
Ik* dumped for its construction are hauled is kept always on the 
same spot and a<lvanced along the same straight line, the earth 
underneath this portion of the embankment will be well pressed, 
while at the sides the earth will be looseer. If the road uistead 
had been shifted continuously from one side to another the earth 
on the embankment would l>e equally and uniformly pressed 
without the necessity of ramming it. In such a case the shrinkage 
of the embankment will be very small. 

The shrinkage of earth in newly constructed embankments 
depends also upon the weather in which they were built. When 
constructed in dry weather they will shrink more than if built in 
a rainy season. In embankments constructed in presence of 
rain or water, the filling of the voids takes place during construc- 
tion, while if built in dry weather the voids are filled in afterward; 
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in the former case the embankment will shrink a little, while it 
will shrink to a great extent in the latter. 

For all these reasons it seems foolish even to attempt to find 
out a constant mathematical coefficient for the shrinkage of 
various embankments. But there is even a worse error that the 
writer has found veiy common in this country. Many contract- 
ors and even some engineers believe that the shrinkage of earth 
is the decrease of volume of the earth in the natural bed. Thus 
Trautwine says that when the earth is dug, 1 cu. yd. is equal to 
f or to 0.8333 cu. yd. in place; yet when made into embankment 
it gradually subsides, settles, or shrinks into a less bulk than it 
occupied before being dug. 

In a certain town of a certain country the aldermen were 
discussing the project of opening a large square as an improve- 
ment to the town; but they were bothered by the cost of hauling 
the excavated earth, since the dumping-place was at a great dis- 
tance. One of the aldermen proposed to solve the problem by 
opening a large hole in the center of the square and dumping there 
all the earth to be excavated. For many years this story has 
gone around, amusing the crowds, but the wTiter thinks now that 
the alderman must have been a very good engineer. In fact, if 
earth of the quality of puddled clay, according to Trautwine, 
shrinks 25 per cent., by making the hole large enough, the earth 
put back would have occupied one-quarter less of the former 
space, and consequently would have left room enough for the 
dumping of that required for the square. It seems ridiculous, but 
it is a matter seriously discussed in many books. 

Shrinkage should not be calculated in proportion to the earth 
in the cut but on the newly built embankment. The mistake 
arises frf)rn the manner of calculating earthworks which is com- 
monly enii)loyed; that is, by tolHng the wagons hauling the earth 
that has b(vn aln^ady excavated, and consequently whose vol- 
ume had Ym'u incn^ased. It is no wonder that in the embank- 
ments it will shrink, according to the figures given by the various 
authors. 
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Traulwine, Baker, Patton, and many others give for the 
iriiikitges of ihe various soils the following figures: 

Sand and gravel 8 per cent. 

Gravelly clay from 8 to 10 " " 

Earthloam and sandy loam " 10 to 12 " " 

Fuddled clay and puddled soil. . . " 20 to 25 " " 

Since tlie earth iti the embankment n-ill shrink, the effect is 

lat the top nf the embankment after a while will l)e found at a 

WOT level than it was constructed. To have the road at a 

uired plane it would be necessary either to build the cmbank- 

Bt a little higher than Hie proposed level of the road, or other- 

to compress the earth during the construction of the 

mbankment so as to prevent any further shrinkage. In the 

instruction of railroads the eniltankments are built a little higher 

than the proposed plane of the road. Each railroad has a special 

wt of tables giving the increase to Ik; made in the embankments 

as an allowance for the shrinkage, and the various data are given 

proportion to the various heights of the embankments and 

woniing to the different materials entering into their formation. 

The compression of the earth during the construction of the 

mbankment can be made bj' hand and by machine. The tool 

to ram the earth by hand is the rammer. This consists 

f a heax'y, large piece of wood in the shape of a frustrum of a cone 

X)unded by iron bands and fixed to a vertical handle. The 

^t varies between 20 and 25 lbs., and is o|jerated by a man 

"who raises it and lets it fall on the earth. Wlien the strata of 

rarth are verj- thin, as, for instance, 5 or 6 ins. thick, thej' can 

be rammed very well, and the cost will be between 1 and IJ cents 

r cubic yard, an item which, although very small, assumes fab- 

loportions in the construction of embankments of great length 

1 height. 

The compression of the various particles of earth is obtained 
3 in a more economical way by means of rollers. These, accord- 
! to size and weight, can be divided into hand-rollers and 
TollerB moved by horses and steam. 
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Hand-rollers consist of an iron cylinder about 2J ft. in diameter 
and provided with an axle to which is attached a handle. It 
is operated by a man who pushes it over the earth, and on account 
of its weight it tends to compress the earth and to fill in some 
of the voids that were left in the mass. But the efficiency of 
the hand-roller is very small in regard both to the pressure 
exerted and the quantity of work done in a day. 

Rollers dragged by horses are more powerful, and consequently 
more commonly employed. They are similar to the hand-rollers 
except that they are of larger dimensions, being from 6 to 7 ft. 
long and about 3 ft. in diameter. Shafts are attached in some 
way to the axle of the roller so that it may be dragged by one 
or two horses. To avoid unnecessary effort in the animals in 
meeting obstacles and in order to easily overcome them the roUer, 
instead of being made of only one iron cyhnder, is made up of 
three or more disconnected pieces. These rollers are very effi- 
cient on account of their weight; they compress the earth very 
well, and since the horses dragging the roller may travel from 
15 to 20 miles per day, the amount of their work will be 15X5280 
X 6 = 475,200 sq. ft., or about 10 acres of surface of the embank- 
ment when passing only once on the same spot, or 5 acres if passing 
twice, and so on. The cost of the work is given by the daily ex- 
penses of hiring a team of horses, including the wages of the driver^ 
which, according to the locality, may vary from $3.50 to $5.00, and 
dividing this quantity by the total amount of earth compressed 
in a day, given either in cubic yards, or in square yards of the 
surface of the embankment. 

Rollers for compressing the earth are also made of very large 
dimensions and are operated by steam. Since these weigh several 
tons, it is dangerous to have them run on newly formed embank- 
ments, except in case the roads have either city or national 
importance. 

The shrinkage of the earth in the embankments can be also 
prevented by wetting well the earths while the embankments 
are constructed. Especially if the work is done in the dry season 
water will have the same effect as rain. It will carry dowTi the 
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Binall piirticles of material to fill in the voids contained in the 
whole mass. The smaller thf number of voids left the more in- 
sensible will be the shrinkage of the embankment after 11 liaa 
been constructed. 

When the earthworks are nearly completed, the cuts made, 
and the embankments constructed, It is necessary to reduce the 
bed of the road and the slopes to a smooth surface. This work 
is usually done by means of a shovel, and all the projections re- 
moved and the materials used in filting up the ruts and all ca\-i- 
lies along the platform of the road. In portions of the road, 
through trenches, the earth removed is carried away, but the 
earth removed for leveling up the top of the embankment is thrown 
along the slope. The flat form of the road is reduced to a plane 
by beating it up with tlie flattenetl portion of the shovel, or other- 
wise with a piece of plank to which a handle is attached. This 
is raisetl up and let fall on top of the earth, and in this way it levels 
the earth and reduces it to a smooth surface. But the work 
of men is slow, since they cannot level up more than 250 sq. yds. 
a day. and with roads of great length this small item will amount 
to a great deal of money. Tlien it will he more convenient to 
gratle the surface of the roads by machine. The graders used are 
those described on p. 103, and lliey are very efficient, and the 
amount of work that they can do in a day is easily calculated, 
depending upon the width of the blade and the distance traveled 
by the horses in a day. The cost of the running expenses is 
given by the cost of hiring a team of horses, including the wages 
of the driver and the wages of an operator, and dividing this 
gum by the total area graded in a day. Wlien the surface 
of the road presents several irregularities the blade not only 
cuts, but carries away the material to be depositeil where it is 
needed. 

It is very convenient to have the slopes of the embankment 
sodded, but since such an ojx'ration will be very expensive it will 
not be allowetl except in connection with the construction of the 
highways through cities. To preserve the slopes of the embank- 
ments it will be convenient to dig up the vegetable ground, and, 
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instead of using it in the fillings, to lay it aside to be used after- 
ward, spreading it again on the slopes after the embankments 
have been constructed. This fertile v^etable ground will be 
seeded and wet, and the roots of the plants that wiU grow will 
form a cover to the slopes, preventing their sliding. Such an 
operation requires two different kinds of work: first laying aside 
the vegetable ground and then spreading this on the slopes. For 
the first operation is required from .2 to .3 of an hour's work for 
each square yard of surface, and for the spreading of the earth 
along the slopes, from .3 to .45; and, according to the quality of 
the soil for the two operations, will be required from i to J of 
an hour per each square yard, and the cost of the two operations 
together will be from .051 to .075 A-, when k Is the daily wage of 
laborers and they work ten hours per day. These data are good 
for sloix?s 6 ft. high, but with higher slopes these quantities should 
be increased one-tenth for everv' 6 ft. 

COST OF THE WORK. 

The various implements for the excavation and hauling of 
the materials, together with the elements for calculating the cost 
of the unit of volume of the work, have been explained in 
the preceding chapters. Before closing this small review of 
earthworks it is necessary to devote a few words to the real cost 
of the work. There is no doubt that the most important item 
to be considered in the calculation of the real cost of the work 
is the cost of excavating and hauling the unit of volume of the 
eartli, but there are other items which should not be forgotten, 
othenvise the contractor will find in the end a loss where he had 
expected to receive a fair profit. 

Tlie various items to be considered are as follows: 

1st. The real cost of the work done either by men or by 
machines and hauled according to the various manners already 
explained. 

2(1. The general expenses, including superintendence, book- 
keeping, traveling expenses, etc. 



3d. The iaterest of tlie capital at hand, which is necessary for 
cauying out the work with success, as well as the premium for 
Ihe bond given as guarantee of the contract, 

4th, The accidents which &n: liable to happen to men and 
properties in the construction of the work, and for which the con- 
tractor may be held responsible. 
^^ 5th. The profit of the contractor. 

^^k Ist. In nearly every chapter dealing with the various methods 
^Bf excavating and liauling the materials has been given the cost 
^^f the unit of volume of the work as deduced from the working 
expenses. But this is not the only item to be considered, since, 
I according to what was explained in speaking of the work of the 
^^feacbines, the cost of the unit of volume of the work should be 
^^■creased by some other quantities, as the interest of the oa[)itaJ 
j^Bsvest^ in the machine, the repairing, and (he sinking-fund. 
I Thus, for instance, the cost of removing the unit of volume 

of earth by means of a steam-shovel will be given by the daily run- 
ning expenses of the machine divided by its efficiency. To this, 
however, should be atlded a quota for repairing, interest, and 
auking-fund, obtainetl by di\-iding this sum by the total cubic 
'^^Mxda of earth removed in a year by the same machine. These 
^■■£038 will only represent the real cost of excavating the earth 
^Hgr means of the steam-shovel. In regard to the hauling the cost 
^lor the unit ot volume is deiiuced in the same maimer. If the 
earth is removed by trains running on standard-gauge tracks, 
the unit of cost is deduccil from the daily rmining exj>en.ses divided 

Kr the hauled quantity in a day. Also, in this case, to this num- 
sr a quota should be aildetl for the repairing of the road, loco- 
otives, and cars, interest of the capital invested in the railroad, 
including all the rolling-stock, besides the sinking-fund. This 
^uota is given by these various items divided by the total quan- 
f of the material hauled in a year. These final items, repre- 
mttng the cost of excavating one and the cost of hauling the 
iier, will give the real cost ot removing 1 cu. yd, of earth in 
9 particular case considered. 
f "He cost of the unit of volume thus obtained, nmltipiied by 
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the total quantity of the work as given by the calculation of the 
earthworks, will give the total amount of cost of the whole work, 

2d. There are other expenses which, although not directly 
requireil for the excavation, yet are necessary for the direction of 
the work and to carry on the contract in the manner ordered by 
the specifications. These new expenses, usually known as general 
expenses, are of different kinds. Some are requhed for the direc- 
tion of the work, and include all salaries and wages of the men 
who are directing the work ; these are the engineers, superintend- 
ents, foremen, etc. To be included in the general expenses are 
those required for the admijiistration, including timekeepers, book-' 
keepers, clerks, watchmen, etc., and others of geiiejal order, aa' 
office rent, stationery, correspondence, traveling expenses, illu- 
mination of trenches if the work is done in the cities or along 
country roads, etc. Since it would be too tedious and almost 
impossil:)l(? to accurately calculate for each work all the general 
expenses according to the various items just mentioned, it is 
customary to lay aside a sum for such a purpose. This quantity, 
to be added to the cost of the work as given from paragraph 1, 
is variously calculated by the different authors, but it is not' 
greater than one-tenth of the total cost previously found. 

3d. The interest of the capital, which it is necessary to have at' 
hand, so as to carry on the contract with a great success, and the 
premium to be paid to the company furnishing the bond, an 
important items to be considered in the calculation of the real 
cost of the work. It is a common practice for every party giving 
out contracts to require bonds from the contractor as a guarantea 
of the fulfilment of the conditions imposed upon him by the specifi-; 
cations. The total amount of the bond should not be, as a rul^ 
greater than 20 per cent, of the total amount of the work, whikr 
the writer has knowledge of some contracts in which were required 
bonds amounting to 50 per cent, of the total cost of the work. 

4. Excavations are dangerous works, and notwithstanding 
all the precautions which may be taken by engineers and 
tractors, accidents are liable to happen both to men and property 
The workmen are the ones that, us a rule, make up the list 
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the victims in any work, being continuously exposed, and it 
is ihe duty of the contractor to lay aside a sum for compensating 
these accidents, and such an amount should be taken into con- 
sideration in fixing the real cost of the work. On one section 
of ihe New York subway a contractor with a great political in- 
fluencp employed a lawyer so as to have him at hand in any acci- 
deiii, that he could gather evidence in order to demonstrate to 
the friendly judges that the accident was caused exclusively 
by the \-ictim, and the contractor is only too generous when he 
refuses to sue him for damages. These are abominable means, 
!tnd no gentleman will have recourse to them under any eircum- 
stances. 

In removing the earth from its natural bed, the surrounding 
properties are liable to be damageii either on account of settle- 
nienl of the ground if the earth is loose, or otherwise by the 
explosion when the soil is so hard to require blasting. To 
prevent landslides, the cut of the earth is shoreil, but even 
this does not arrest the settling of the soil when the soil is 
very loose, especially when the floor of the excavation is lower 
tlmn the foundation of the houses, as will happen perhaps in 
I^iladelphia in the construction of the subway, where the soil 
will be very close to the line of the buildings and their foundations 
are higher than the floor of the subway. Contractors must be 
ready to pay for these damages, and consequently it will be con- 
int to lay aside a sum to compensate them, and it should 

deducted from the total benefit. The importance of such 
sum depends upon the probabilities of the damages that may 
occur during the work. But in regard to the damages there is 
always a discussion on the party that is responsible for them, 
;thstanding what the specifications call for, and what was 
to in the contract. Thus, for instance, in the fourth 
of the subway for the New York rapid transit for the 

lages to the surrounding properties on account of the great 
caused by the wholesale storage of dynamite, as well as 

the collapse of the houses, the city should have been held 
insible, Con-sequently the contractors in such a ease were 
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too lenient and too prompt to shelter the city engineer at their 
own expense. 

5. Another important item to be considered in calculating 
the cost of the unit of volume of the work is the contractor's 
benefit. Until not long ago, and in some places continued still 
to-day, in this country contractors were only the agents of the 
corporations for which the works were done. These agents, called 
contractors, used to provide alj the labor and material required 
for the work for a compensation of 5, 7, 10, or 15 per cent., accord- 
ing to their pull with the corporation. This is a very easy way 
of making money, and no wonder that so many ignorants who 
had the fortune of obtaining some one of these contracts became 
very rich, and were then and are still to-day regarded as great 
contractors. 

Contractors, even according to our dictionary, are those who 
bargain for a specified sum to execute any work or enterprise 
of considerable magnitude. Contractors are running risks, must 
invest capital in the purchase of the various machines and 
implements for the execution of the work, and spend their tune 
and intelligence in carrying out the work to a success, and con- 
sequently they are entitled to a benefit. It is a common practice 
to consider the contractor's benefit at 15 per cent, of the total 
amount of the work, but this may be either too large or too small 
according to the magnitude of the work. It will be too large a 
benefit when the work amounts to several million dollars, and 
it will be too small when it does not amount but to a few thou- 
sand dollars. Therefore, until a certain limit, the contractor's 
benefit should be inversely proportional to the total amount of 
the work. 

Mr. Ponza, in his book *' Prontuario di Stima,'' in pointing out 
the error of allowing contractors a fixed percentage of benefit, 
suggests a scal(» of benefits varying with the magnitude of the 
work In the following way: 



Percentapo 

Amount of the work. 



5 ' 6 I 8 
S1.()()(),000 $500,000; $200,000 

I 



10 



15 ' 20 



$50,000 $10,000 $1,000 
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These figures may be considered too small for American con- 
tractors, but the given percentage remaining j&xed and taking 
the numbers representing the total amount of the work ten 
times greater than those given by Mr. Ponza, will have a standard 
scale of benefits to be considered fair and reasonable by any con- 
tractor in every country. 



CHAPTER XXITT. 

EXAMPLES OF LARGE CANAL EXCAVATION WORKS. 

In the construction of the many thousands of miles of rail- 
roads all over the world, it has been necessary to excavate an 
enormous quantity of earth, but the trenches and embankments 
were so narrow and the lines extended to such a great length that 
the work could he attacked at many points simultaneously. 
Besides, the earth was so easily handled that these works did not 
present any serious technical difficulty. But earthworks assumed 
a great importance in the construction of the large ship-canals 
built for national or international purposes. These magnificent 
works have been scientifically directed both in regard to the time 
and cost, and they stand now as monuments of engineering skill. 
Many of the machines already described have been invented or 
improved for the construction of these canals, and in their excava- 
tion ordinary earthwork has been elevated to a science. 

In concluding this little review of earthworks, brief descrip- 
tions of the Suez, Chicago, Manchester, and Panama canals will 
be given as deduced from the works of Patton, Martelli and 
Stabilini, Hill, and the volumes of ''Engineering" of London. 
The three former canals have been successfully completed and 
opened to traffic, the last one, after many financial difficulties, 
will be brought to completion by the United States Government. 

The Suez Canal, cut through the isthmus connecting Asia 
with Africa, was constructed in the years 1857-69 under the direc- 
tion of Mr. Ferdinand De Lesseps. The length of the canal is 
about 100 miles, and it connects Port Said on the Mediterranean 
wth Suez on the Red Sea. The route of the canal deviates some- 
what from a straight line on account of utilizing for over 20 miles 
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intprior lakes, called the Bitter Lakes. Two cross-sections 
■re adopted for the canal; when it is excavated through sand 

elay it has the following dimensions: width at water-surface 

i ft., at bottom 72 ft., and depth 26 ft. When the canal was 
dug through the lakes the cross-section was 327 ft. wide at the 
water-surface, 72 ft. at the bottom, and 26 ft. deep. The slopes 
were 2 to 1, except through water where they were 5 to 1. 

The ground in general was flat ami of very small elevation, 
being on the average not more than 6 ft. above the sea^level. At 
lliree points, viz., Chalons, Serapeuin, and El Guisir, for a total 
length of 20 miles the elevations reached 50 and 60 ft., so that 
the cutting of deep trenches was required. 

From Port Said and for a length of 40 miles the land was very 
flat; it was low and subjected to tides and to the floods of the 
Nile River. Its elevation was very close to the level of the 
sea. The soil, however, was compact, being composed of fine 
conglomerate sands and clays. The excavation of the canal 
tiirough this low land was effected by means of sea-dredges, 
which dug their way and the removed material was deposited 
on both sides to form the levees on the edges of the canal. This 
manner of excavating canals through low lands by dredging has 
been ever since successfuUy employed in similar works of great 
magnitude. 

In cutting trenches of great height, as that of El Guisir, the 
work at first was done by hand and the material removed by 
donkeys carrj-ing on their sides mat baskets filled with earth, 
when it was not carried by laborers on baskets resting on their 
beads. From 25,000 to 30,000 men were employed at times, and 
at one place there were more than 1000 donke\*s. When the 
iJorced labor f*ystem which prevailed at the beginning ceased, 
engineers devised more rapid and economic schemes for the 
[traction of the canal. To elevate the material from the bot- 
tom of the canal to the levees the flying wheelbarrow was used. 
Sometimes it was a verj- convenient device, but it was soon aban- 
doned. Better results were obtained from the Couvreux excavat- 
machine, especially constructed bj' Mr. Couvreux on the 
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principle of the sea-dredge. It was a continuous digging-machine 
of the ladder type, excavating the earth downward by means of 
niunerous steel buckets connected to two endless chains and 
moved by a revolving drum of an engine. The excavated 
material was hauled away on trains running along the different 
planes of the cuts of the trench. In some other cases the 
earth was hauled away on cars pulled by chains moved by a fixed 
engine. The introduction of these machines greatly hastened 
the completion of the canal, so that the total amount of the 
work done in the last four years was three times greater than 
the work which had been done in the preceding eight years. 

The total amount of earth excavated was 74,000,000 cubic 
meters, and the cost of the canal exceeded $100,000,000. Like 
any other great project, the excavation of the Suez Canal met with 
great opposition of various sorts. It was predicted that the 
canal once excavated would be soon filled up with sand and silt; 
that the Bitter Lakes would also become deposits of salt, and that 
no vessel would risk navigating the canal; but all these objections 
have utterly failed. The technical and even the worse financial 
difficulties of the enterprise which at times have seriously threat- 
ened the success of the operation were happily overcome. The 
large number of vessels passing every year through the canal 
already require it to be widened in order to meet the needs of 
commerce; the fact that the traveling distance to India has been 
shortened over thirty days stands now as the crowning glory of 
the great genius of De Lesseps. 

Another important engineering work of more recent date 
than the Suez Canal, and which also involved an enormous amount 
of earth and jock excavation, was the Manchester Ship Canal, 
constructed in the years 1887-1893. The city of Manchester in 
England is world-famed for its industries and has been so for 
many years past, since it was already renowned for its industries 
during the reign of Edward VL Being an inland city, it lacked 
convenient communication with the sea for the transportation 
of both the raw materials and products of the factories, and since 
the year 1822 was felt the necessity of a canal in which could 



EXAMPLES UF LARGE CANAL EXCAVATION WORKS. 



343 



easily pass the largest vessels, landing their cai'gos in the heart 
of the city. Rut, with the introduction of railroads, the necessity 
of having easy communication was satisfied for awhile until with 
tlie wonderful development of the city the project of a large canal 
f»lleti itself again to the attention of the authorities in the year 
1S77. It was then carefully studied in all its details and the 
work began on Nov. 11, 1887. 

The Manchester Ship Canal, 35J miles long, begins at Eastham, 
near and opposite Liverpool on the estuary of the Mersey River 
and ends at Motle wheel in the city of Manchester. The total 
length of the canal can be divided into three sections, the first 
between Eastham and Runcorn following the left shore of the 
eaUiary; the second between Runcorn and Latchford is a canal, 
and the third between Latchford and Manchester is an improve- 
ment on the river Mersey. The minimum depth of the canal 
is 26 ft., and the witith varies; for the portion between Manchester 
and Barton the bottom width is 170 ft.; from Barton to Eastham 
tlie bottom width Ls 120 ft. and the top width is 172 ft. 

The canal is jirovided with several large locks both at the 
extremes and along the line, and passing through them the vessels 
may lie raised to a height of 60.5 ft. It is a splendid example 
of a navigable canal reaching high elevations. Passing through 
a populated district it is crossed continuously by roads and rail- 
roaik which required the construction of munerous drawbridges. 
The locks, bridges, and the arrangements for opening the locks 
are very interesting from an engineering point of view, but do 
not enter, however, into the limits of this book, and simply an 
account of the excavation of the canal will be given here. 

Notwithstanding in the excavation of the Suez Canal the con- 
venience of excavating low lands by means of sea-dredges which 
cut their way while digging the canal was clearly demonstrated, 
yet at Manchester the work began with the excavation of the 
earth in a dry state. It was only in the year 1S90, after a freshet 
had broken the levees separating the bottom of the canal from 
the river, that it was deemed desirable to excavate the canal by 
dredging. Since then ten powerful dretlges were employed in 
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this work, one of them, the "Manchester," having a. capacity 
of 850 tons per hour. Only 3,000,000 cu. yds, were excavated 
by dredging, but the remaining 50,000,000 were dug by continuonai 
or intermittent exeavatora. 

For the excavation of the earth were employe<l 97 exeavatoi^ 
and the material was hauled away by 173 locomotives and 6300. 
cars running on atandard-gauge tracks wiiich were located either 
on the bottom or alongside the edges of the canal. The prmcip^' 
machines employed were of two different types, the steam-shovd, 
or nav^'y and the continuous down-digging machine. 

The steam-shovels employed were of dilTerent patterns and 
Bizea. Tiie Dunbar & Burton navvy, illustrated on p. 122, was 
the most extensively employed machine in this work. Its effi- 
ciency was to excavate and load alwut 1000 cu. yds, of eartK 
per day at a cost varying between $18 and $20, including the 
wages of a crew of 12 or 14 men for the service of the machine 
and tracks. The cost of this machine was $5500. Another type 
of steam-shovel employed in the construction of the canal was 
the Wilson, which, although much lighter than the Dunbar & J 
Burton, offered some advantages on account of l)eing mounted' 
as a locomotive crane, and, consequently, it could swing to a full 
circle, excavating the earth in every direction. Its capacity in 
a very loose soil amounted to 600 cu. yds. per day at a cost ol' 
$18, including the wages of a crew of 14 men. Among the steam- 
shovels shoijd be mentioned the Whitaker intermittent ex<»- 
vator, which was more economical than the two previous types, 
since its cost was only $4000, but the capacity of the machtn^ 
was somewhat less; it could not excavate more than 500 cu. yds^ 
of earth per day. The great advantage of this machine was th&ft 
it could work at will as a crane or an excavator, since the digging 
apparatus consisted of a grabbing-bucket which could be ea^y 
applied and removed. 

More powerful than the steam-shovel or grabbing-buckefe 
apparatus were the continuous digging-machines. These were 
of two different patterns, the French and the German. Th( 
downward contmuous excavators, of French construction, wes 
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built on the same principle as the Satre machine, illustrated on 
p. 107. The greatest efficiency obtained from this machine was 
2236 cu. yds. in a t*n-hour day's work, while the average quantity 
of earth excavated was 1490 cu. yds. per day at a cost of only 
SI5. The excavator of the German type, built by the Liibeciier 
Machinenbau Gesellscliaft of Liibeck, Germany, was similar to 
llie one of French construction, the only difference being that the 
roof covering the engine and boiler was very wide. The machine 
stands on three rails, leaving in the center room enough for the 
track of the cars which are loaded with the excavated materials. 
Such an arrangement increases the solidity of the machine at 
work and it is handled easier, although its weight was only 70 tons, 
while that of French construction was 80 tons. The capacity of 
the German down-digging machine wa-s 1400 cu. yds. per day 
at a cost of $15. 

Another important engineering work constructed in the last 
few years, which necessitated the excavation of a very large quan- 
tily of earth and rock, was the Chicago Drainage Canal. The 
city was drained by the narrow stream known as Chicago 
Ui\-er, which emptied into Lake Michigan. With the increased 
population of the city the quantity of sewage increased, and the 
Chicago River iwcanie soon a center of infection. Since the water 
of Lake Michigan was used as the only supply for the city, it 
was deemed too dangerous to have the lake continue to perform 
tlie double duties of provitling the pure water antl receiving the 
fpwage. Long ago it was found convenient to lift the water 
of the Chicago River and convey it into the Illinois and Michigan 
CamU, from where it found its way into the rivers beyond and 
ultimately into the Mississippi. But during freshets, when the 
floods disarranged the lifting-machines, the ilanger remained just 
the same as before. To solve the problem in a pennanent way 
it was proposed to open a large canal connecting Lake Michi- 
gan with the Illinois River, and to construct the canal of such 
ilimeiisions as to be usei.1 not only for drainage purposes but also 
for navigation after the necessary connections were made. This 
canal has assumed a national importance, since it is a part of the 
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great waterway connecting the Great Lakes of America with the 
Mississippi River and by it with the Gulf of Mexico — a waterway 
which will revolutionize perhaps American conmierce, especially 
after the opening of the interoceanic Panama Canal. 

The canal is 28 miles long between the south branch of the 
Chicago River near Robey Street to Ixxjkport, and it nms almost 
in a straight line. The cross-section adopted was of two diflferent 
types, varying with the quality of the soil through which it was 
excavated. When rock was encountered the cross-section was 
practically a rectangle 160 ft. wide at the bottom, 162 ft. wide 
on top, and 22 ft. deep. When, instead, the canal was cut through 
loose soil, a trapezoidal cross-section was adopted, having a bottom 
width of 202 ft. and side-slopes both above and below the water- 
surface of 2 to 1. The depth of low water was kept at 22 ft., and 
the canal had a given inclination of 1 in 40,000, corresponding 
to the flowing velocity of water of nearly 2 ft. per second through 
earth, and a fall of 1 in 20,000, corresponding to a velocity of 
water of nearly 3 ft. per second through rock. 

Nearly 40,000,000 cu. yds. of materials were excavated, of 
which 12,330,000 were rock and 27,642,000 earth. But the exca- 
vation proper did not present any technical difficulty on account 
of being only 35 ft. deep on the average, and the excavated 
materials were deposited in spoil-banks alongside the edges of 
the canal. The work was divided into 28 sections of about 1 mile 
each, and the work was done by different contractors, who em- 
ployed different machines, both for excavation and hauling pur- 
poses, some of which were especially designed and constructed for 
this work, while others were here applied for the fh^t time in 
public works. The work on the canal began in July, 1892, and 
was completed in the year 1897. 

The great importance that machines had in the construction 
of the canal can be easily deduced from the fact that at a period 
of usual activity the amount of plant employed along the line 
was considered to be as follows: 
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Steam-shovels 33 

Steam- or air-pumps 85 

" " " drills 243 

" " hoists 75 

Channelers 88 

Air-compressors 15 

Locomotives 27 

Cars 900 

Dredges 27 

Grading-machines 10 

Steamboats 5 

Dump-scows 17 

Conveyors 62 

Many of the machines described in other parts of this book 

have been employed or specially constructed for this work. In 

the excavation through rock the channeling-machine, which had 

been used until then for quarrying purposes, was successfully used 

here and was for the first time employed in public works. For 

the excavation of earth the Vivian scraper was especially designed 

in order to excavate the earth with a simple and powerful device, 

Utilizing the numerous cableways that were extensively used for 

hauling purposes. 

On account of the favorable conditions of the work, which the 

xnaterial excavated in the bottom of the canal wiis deposited on 

%h^ waste-banks alongside its edges, it was found convenient to 

employ different machines for hoisting and conveying the earths. 

These were of three different types — the steel derriclcs, the cable- 

>^ays, and the cantilever conveyors. Messrs. Smith and Eastman 

«f Chicago, contractors for Section 14, employed derricks, some 

^f them being fixed; others, instead, were of the traveling type. 

"The latter were built on a platform resting on a turntable, the 

"whole being carried on a shifting track. The engine and boiler 

were located on the platform. The mast was 100 ft. high, and 

two booms were employed on each derrick whose length was 

164 ft. and 155 ft. respectively. Both the booms and the mast 
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were of steel reinforced with crosspieees and wire ropes. The 
hoisting-engine was provided with four drums, two for each boom^ 
the arrangement being such that each boom handled two skips — 
one depending from the end, and the other at some distance from 
it. The tackle was cleverly arranged, so that all the operations of 
lowering to the canal-bed and hoisting and tipping the skip 
were performed by the engineer and in a regular sequence. The 
operation was continuous, because when two of the skips from 
one boom were being loaded, the others on the opposite boom 
were "being discharged, and on its being swung round, the 
operations were reversed. The derricks were placed in pairs on 
opposite banks in such a way as to command the whole width of 
the working section. From 120 to 450 cu. yds. of earth were 
handled with these derricks in a ten-hour day's work. 

The Lidgerwood movable cableways were the hoisting- and 
conveying-machines extensively used in the constniction of the 
Chicago Drainage Canal. It was in this work that the movable 
cableways were employed, and they have fully demonstrated that 
they are very valuable machines in the excavation of large canals. 
The tail-tower was mounted on a car running along the edge of 
the canal, while the tracks for the head-tower were placed behind 
the waste-bank. Since the total depth of the excavation of the 
canal was divided into three benches following each other at 
some distance, so each front was serv^ed by a cableway, and con- 
sequently they worked in batteries of three cableways each. 
In connection with the movable cablewavs was devised the 
aerial dump which was invented by Mr. Charles Locker and which 
is already described on p. 239. 

The cantilever conveyors used for hoisting and conveying 
the materials from the bottom of the canal to the spoil-banks 
were the Bro\\Ti machines described on p. 205. The tracks upon 
which were running the platforms supporting the tower to which 
the cantilever was fixed were placed near the edge of the canal. 
The Brown conveyors were working in batteries in the same way 
as the movable cableways, each one of them serving the work 
of one bench, and they were moved as the work advanced. 
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Mr. patton says that there has been considerable competition 
between the manufacturers of the two machines. It was atlmitteii 
Ihat the cantilever was capable of handling a greater quantity of 
niiiterial in a (lay, but owing to its greater cost it was claimed 
that the cablcways handle tlie materials more economically. 

The interoceanic eanaJ of Panama, still under construction 
through the narrow isthmus which divides South from Central 
Aniericfl, has presented so many difficulties that the work has 
been abandonetl many times and many times taken up again. 
After it brought financial ruin to thousands of families, sorrows 
to the promoters and engineers, and caused a scandal in which 
were involved the most prominent men of France at that time, 
its success is now a.'wured, since it will be completed by the United 
States Government. All tlin tmuble caused by the failure of the 
enterprise ha.s Iwen wnjTiply attributed to Mr. De Lesseps, who 
acte<i pertmps in ton good failli, relying on unworthy men, and was 
miisletl and robbed by politicians. But it cannot be said that he 
■underestimated the magnituile of the work, that no preliminary 
»ir\-ey was made before the work began, and that lie did not 
accurately 8tu<Iy the particular conditions of the work, espe- 
cially in regard to the tlisposal of water during the rainy seasons. 
Tlie financial failure wa« chiefly due to the enormoas prices paid in 
salaries and wages, especially at the beginning of the work, to 
the costly and high-priced plant required for the work, and to 
the flooda which, during the rainy season, often in an hour 
destroyed the work of many months and worth millions of dollars. 
As UBually happens in any other great enterprise, also the 
Panama Canal as projected by De Lesseps was severely criticized 
by many engineers. When, after hundreds of millions of dollars 
Were spent, it was realized that the work was still far from being 
Completed, people began to listen to the critics and the original 
plans were mo<^lified. Mr. De Lesseps, following the advice of an 
International Committee which met in Paris in the year 1878, pro- 
posed to build an open sea-level canal, m which the steamers from 
one ocean could go through and enter the other ocean without 
fithe necessity of stopping or being lifted in their course. The 
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plans were afterward modified so as to have a high, level canal 
with a series of locks. Such a change was suggested in order to 
greatly reduce the enormous quantity of excavation which still 
remained to be done for the construction of the sea-level canal. 
This method was adopted as a scheme to complete the canal with 
the limited means upon which the company could rely, osix?- 
cially after the great financial troubles in which it had been in- 
volved. For so many years the work has proceeded slowly along 
this line. But now that the United States Government will 
complete the canal, it will be convenient to broadly discuss the 
question of the superiority of the high-level over the sea-level 
canal. A few million dollars more or less does not make anv 
difference with the United States Government, and now that the 
cost of the canal is only a question of secondare^ importance, it 
will be convenient to take up again the question and see how 
wrong were lA\sseps and the members of the International Com- 
mittee who recommended a sea-level canal. 

According to the original project, which the writer hopes that 
the United States Government will examine again before proceed- 
ing with the work, the canal was 43.54 miles long, including 2.4S 
miles of breakwater and approaches and 46 miles of inland canal. 
It b(»gins in Simon's Bay near the city of Colon or Aspinwall on 
the Atlantic Ocean and ends near the citv of Panama on the 
Pacific. The minimum distance between these two cities is onlv 
60 kilometers, but the canal was projected with a longer route 
in order to take advantage of the two rivers, the Chagres and Rio 
Grande, which descend toward the two oceans from the ridge 
of mountains which run along the isthmus and in a direction per- 
pendicular to tlie })roposed line of the canal. The International 
Coniniittee fixed the dei)th of tlie canal at 27.8 ft. with a bottom 
width of 72 ft., the sloi)es being fixed according to the quality 
of t]i(^ soil encountered, but the width at the top of the water 
was to be 131 ft. 

The work was divided into five sections, whose lengths and 
amount of material to be excavated are given in the following 
table: 
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Niunbw. 


^Z^.'" 


Cubl^Ysrds. 


1 
2 
3 
4 
5 


16.33 
10 95 
6-00 
2.10 
8.16 


32,5O0,(XX) 
31,200.000 
58,500.000 
35.100.000 
IS.200.000 


175.500,000 



Tlie first section begins at the extreme of the canal on the 
Atlantic Ocean near the city of Colon, and follows the northern 
shores of Simon's Bny for nearly 3.1 miles. This portion of 
the canal is cut through low marshy lands, chiefly composed of 
sand: its height varies from 3 to 6 ft. above sea-level. Then the 
canal turns westward toward the interior following the valley 
of the Chagres River whose course often intersects. For all the 
longtli of this section the land remains very low, and toward the 
interior the soil was found composed of loam, with the exception 
of three small portions in which rock was encountered. The 
rock was excavated by blasting, while nearly all the excavation 
in this section was effected by dredging. Dredges of different 
types were employed, and their efficiency varied from 5000 to 
9000 cu. yds. per day. On account of the awful conditions of 
the climate, which prevented continuous work, the work obtained 
from the dredges never amounted to more than 4000 cu. yds. 
per day. The work in this section has been completed long ago. 

The second section of the canal, 10.95 miles long, passes 
through lands which slightly increase in elevation. It begins at 
nearly 40 ft. above the level of the sea, and reaches a height of 
145 ft. near the end of this section. The soil encountered is very 
Insistent and compact, but it was easily excavated by the inter- 
mittent digging-machines of the steam-shovel tj-pe. Those em- 
ployed in this section were of the Dunbar-Burton pattern, illus- 
trated at p. 122, and the usual American Steam-shovel built by 
the Osgood Dredge Co, of Albany, N. Y. All together 19 machine^ 
were employed in this section, and the total amount of work ob- 
tained by them was 130,000 cu. yds. per month. 
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The third section, only 6 miles long, requires a total excavation 
of 58,000,000 cu. yds., and it necessitated the cutting of the ObLsix) 
and Emperador elevations with trenches 250 ft. deep. The Obispo 
hill is composed almost entirely of hard rock, alternated with 
strata of disintegrated rock. These strata of loose soil below the 
rock often caused the sliding of the surface soil, badly disarranging 
the work and producing accidents. In the Emperador's elevation 
the soil is almost composed of disintegrated rock, a soil which can 
be excavated by machine without recourse to blasting. In the 
constniction of this section of the canal were employed 6 con- 
tinuous digging-machines, 48 drilling-machines, and 66 cranes 
for hoisting the blasted rocks. 

The fourth section of the canal includes the Culebra cut, which 
will be the deepest trench ever excavated in the world. It is 
2.1 miles long with depths suddenly varying between 200 and 
377 ft., and it will require the excavation of 35,100,000 cu. yds. 
of earth. The soil in this section, close to the surface, was com- 
posed of rock, alternated with strata of disintegrated rock, and 
the strata were very slippery. Such a fact, especially on beginning 
of the work, caused enormous trouble to the engineers. The cuts 
made in the day were often filled up again at night, and the large 
quantity of water flowing through the trenches during the rainy 
season often washed out the cuts, carrying away or undermining 
the heai'y machines. Thirty-nine continuous excavators were 
employed in this section of the work, and the excavated material 
was hauled away by 36 locomotives and 1300 cars of 8 cu. yds. 
capacity, besides 600 tip-cars of the Decauville type of 2 cu. yds. 
each. 

The fifth section of the canal, 8 miles long, extends from the 
Culebra hill to the Pacific Ocean, following the valley of the Rio 
Grande. The soil (l(\scends continuously toward the ocean, until 
in the Uu^t 6 niil(»s it is only 10 ft. above sea-level. Both the 
quality of the soil and the conditions of the work were here similar 
to those encountered in the first section of the canal. Until the 
soil had a certain luMght it was excavated by means of the con- 
tinuous digging-machine, but through the low portion of this sec- 




EXAMPLES OF LARGE CAXAL EXCAVATION WORKS, 

tioQ the canal was di^ by dreilges, Eight continuous excavfi- 
tors, served by 16 locomotives, 360 cars of large capacity. 900 
DccauvUle cars and 7 dredges, were employed in digging this sec- 
tion, which is already entirely excavated. 
I In connection with the construction ot the canal other impor- 
' tant works were required, one of the principal bebig the improve- 
ment of the Chagres River, It has been remarked that tlic route 
of the cajial intt'raected several times the Chagres River, and it 
was then necessary to deviate its course. To prevent also that 
during the rainy season its water will obstruct the navigation, it 
was proposed to dig two parallel supplementary canals, one on 
each side of the main, so as to collect the whole amount of water 
flowing from the mountains. The total length of these canals 
would have been 27.28 miles, and they were projected with a cross- 
section 131 ft. wide and a depth varymg from 13 to 16 ft., involv- 
ing the excavation of millions of cubic yards of earth. 

In the excavation of the Panama Canal at tinier were em- 
ployed 13,000 men, of which 12,000 were workmen, and 1000 
between foremen, superintendents, engineers, etc. As a rule, 
when an excavation is effected in any locality, baeteria spreail in 
the ftir in such quantities as to affect the health not only of 
Ihe laborers, but also that of the inhabitants living close by. For 
this reason are found symptoms of malaria near every excavation 
of some importance, and even in localities never affected before. 
But to excavate such an enormous amount of earth as was 
(hen required for the construction of the Panama Can:d, and 
in a tropical region where many other diseases are encountered, 
was a hard proposition. The death-rate among the men em- 
ployed in this work was something awful, being 7i per cent, 
among the workmen and 6.4 per cent, among the employers. These 
numbers would have certainly bccTi doubled if it were not for the 
strict sanitary measures adopted by the company in order to safe- 
guard the health of its men, and for the enormous expenses it 
underwent to provide for the comfort of the men greatly improv- 
iiiR the sanitary conditions of the locality. European workmen 
could not stand the climate and were decimated; the only ones 
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who could resist it in those regions came from Jamaica^ but they 
were very slow in their work. 

From the summary description of the Panama Canal as orig- 
inally projected by Mr. De Lesseps, it is easily seen that the great- 
est difficulties are encountered in Sections 3 and 4 m the cutting 
of the Obispo, Emperador, and Culebra trenches. To avoid such 
an enormous quantity of excavation, and greatly reducing the 
cost of construction of the canal, it was suggested to have a 
sea-level canal through Sections 1, 2, and 5, and a high-level canal 
with 9 locks in Sections 3 and 4. With the feverish increasing 
of dimensions of the ocean vessels that are now considered almost 
small boats, those that were considered large steamers at the 
time the Panama Canal was begun, nobody could foresee the 
future progress of the interoceanic navigation, and a high-level 
canal with a series of locks would be found perhaps of great incon- 
venience to the enormous traffic of the Panama Canal. 



Since this chapter was written, the author notes with pleasure, 
that Mr. John F. Wallace, Chief Engineer of the Panama Canal 
Commission, after six months' residence on the Isthmus, suggests 
a sea-level canal as the most practical one, thus corroborating the 
author's views. 
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coolalns many lables, clutlGed dAii and momonnd*, geaci 



haody office oompanlon,' glvinij. In ■ si 
by meshanJcsl engineers In tbdi everyd 



ifcnnBtlon Ukoly le be reqalred by meshanJcsl engineers In tbdi overyday ottce work,"— Wh^ioe, 



A HANDBOOK ON THE STEAM ENGINE. 

With especial Keference to Small and Medium-sized Engines, For the Use ot 
Kngine Makers, Mechanical Draughtsmen, Engineering Students, and Users of 
Steam Power. By Hbguah Haeubb, C E. Translated from the German with 
Additions and Alterations, by H. H. P. Powles, A.M.I.C.E., M.I.M.E. Third 
Edition. Revised. With nearly i.ioo Illustrations, Crown 8vo. doth Nil TiO 
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BOILER AND FACTORY CHIMNEYS. 

Their Draught-Power and Stability With a Chapter 
By Robert '" . . ^ .- ... , .. . ^ 



i, A.I C E., Author of " A Treatise o 



iirlbuilo 
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BOILER-MAKER'S READY RECKONER & ASSISTANT. 

With Examples of Practical Geometry and Templating. for the Use of Platers, 
Smiths, and Riveters. By John Courtney. Edited by D K, Clakk, M.IC E. 
Fourth Edition, 480 pp.. with 140 Illustrations. Fcap. Svo, half-bound . 7/- 

REFRIGERATION, COLD STORAGE. & ICE-MAKING. 

A Practical Treatise on the Art and Science of Refrigeration. By A J Walub- 
Tavler, A.m. Inst. C.E , Author of " Refrigerating and Ice-making Machinery." 
600 pp. With 360 Illustrations. Medium Svo, cloth , Nrt IB/- 

work, uid ll cannol fail to have a laree body ol readcn. far 11 liavei out naihlnji Ibil woutifln ani' 
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THE POCKET BOOK OF REFRIGERATION AND ICE- 
MAKING. 

By A J Wallts-Tavler. A.M.Insl.C.E. Author of ■■Refrigerating and Ice- 
making Machinery." &c. Third Edition, enlarged Small crown 8vo. cloth. 
ij«s< Publiihid. Ntl 3/6 

REFRIGEHtATING & ICE-MAKING MACHINERY. 

A Descriptive Treatise for the Use of Persons Employing Refrigerating and Ice- 
Making Installations, and others. By A. J. Wallis-Tavlek, A. M.Inst, C.E. 
Third Edition. Enlarged, Crown 8vo. cloth T/6 

" PiuUcat, etpUcll and pcofuKJy illir - — - . . 

" We recommend the book, wiilcb 1 
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bell, Agum. and labulmed pby^s 
«ubjeei.''-£»Si«(f. 

ENGINEERING ESTIMATES, COSTS, & ACCOUNTS. 

A Guide to Commercial Engineering. With numerous Examples of Estimates 
and Costs of Millwright Work. Miscellaneous Productions, Steam Engines and 
Steam Bailers ; and a Section on the Preparation of Costs Accounts. By A 
Gbmbral Manaoer. Second Edition. Svo. cloth . 13/> 

"Tbilltan HceltEnI and vciy uicfiil book. coverloiE Hibiect-iniller In cunfUnl rcquldllon tn 
>wy bctmy and wocksbap. . . . Tbe book It InvaJuable, nol aulf lo iha yaang EDglnsBr, bm hIm 

"W«»oc<Kdthe work unquailDed pralie. Tlie Infonnukm 1> given In ■ plain. >lr*lgliifi>ni(rd 

^-— — T. aod bean througbDat "'■-' — - -' '""- '--' '--' — --' -' -■-- — *- '-^ 
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6 CJiOSBY LOCKWOOD 6* SON'S CATALOGUE. 

HOISTING MACHINERY. 

A.I1 Elementary Treatise on. Including the Elements af Crane Constructioa 
and descriptions of the various Types of Cranes in use. By Joseph Horsek, 
A.M.I M.E.. Author of ■• Paitem Making " and other works. Crown 8vo, with 
115 lllustralions. including Folding Plates, clolh . [/nit Published. Ntl ?/• 

a£rial or wire-rope tramways. 

Their Conatruclion and Management. By A. J Wallis-Tavler. A.M.lnsl C E. 

. . ... Crown 8 vo. cloth ~'~ 



-Tblilsmlliwuy an oiulicnl volume. Wilboal Eolng Into Itai mlnulls of Ihc sobiKt. I( jtl 
5afel)'*Momu"«nd II atn meful general lrtalJ« on the lab-tcl. "—Tin Eitn-t. 

MOTOR CARS OR POWER CARRIAGES FOR COMMON 
ROADS. 

By A. J. Wallis-Tavler, A M Inst C E Author of •■ Modern Cycles," dc 
212 pp , wilh 76 lllustraliouB Crown 8vo. cloth , ... 4,S 

"The book is clratlj uprfised (hrouBhoui. and Is jusi Ihe *on of work ibit an enRlneer, , 

IhlDklng a( lumliig his ■iitniion 10 molot^:»iiiiige work, would ilo well lo kai! u a preliinliiirr lo 

slillLng operalloni."— EngiiKfimg. 

PLATING AND BOILER MAKING. 

A Piaciical Handbook for Workshop Operations. By Joseph G. HoaMBi. 

A.M.l.M.E. 380 pp., with 33a Illustrations. Crown 8vo. doth . . 7/6 

" Thli work Is characleclKd b; thai evidence af close acqualn lance wllh workshop melhodtt whlcb 

will render the 1«ok exceedingly acceptable 10 (he piacDcal hand. We have no hesttulan in eam- 

mendlnn the work u a wrvlceable and piacLlcal handbook on a subject which hai not hllberlD received 

PATTERN MAKING. 

A Practical Treatifie, embracing the Main Types of Engineering Construction, 
and including Gearing. Engine Work, Sheaves and Pulleys. Pipes and Coluains. 
Screws. Machine ^'arts. Pumps and Cocks, the Moulding of Patterns in Loam 
and Greensand, Estimating the Weight of Castings. Ac. ByJosEPHG. Horner. 
A.M.I.M E. Third Edition, Enlarged. With 4S6 U lustrations. Crown 8to. 

cloth Nii 7/B 

"A Hell-wrJtlea le^nical guide, evidenlly written by a man who unileruindi and bitpncUHd 

jourufDien. and others deatVoua of being biltUIed Into the mytlerJci of putern-iuaUng."— BnUn. 
" An eicellenl uaJi mKsm for the apprentice who deslreilD become mailei al bli trade."— «■((«* 

MECHANICAL ENGINEERING TERMS 

(Lockwood'a Diciionary of). Embracing those current in the Drawing Office, I 
Pattern Shop. Foundry. Filling, Turninfi, Smiths', and Bailer Shops, *c J 
Comprising upwards of 6,000 pefinitions. Edited byj. G, Hobseb. A.M.I •• " ■ 
Third Edition. Revised, with Additions. Crown 8vo. cloth . Nil 

"Just the sort of haudy dictionary required by the various trades enenfied In mcchinlcal en, 

TOOTHED GEARING. 
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A Practical Handbook for Offices and Workshops. By J. HoRMfN. A.M.I, 
,„:.^ .0 .., .,___ ,. _ o i^it, 



Wilh 1B4 lllustralions. Crown 8vo, clolh 
"We give lb, - - -■ 



FIRES, FIRE-ENGINES, AND FIRE-BRIGADES. 

With a History of Fire-EnEines, their Conslruction. Use, and Management ; 

Foreign Fire Systems ; Hints on Fire- Brigades, &c By C. F T, Yoc 

8vo, clojh 



MECHANICAL ENGINEERING, V(. 



AERIAL NAVIGATION. 

A Practical Hondbooli: on tbe Canstruction of Dirigible Balloons, Aerostats, 
Aeroplanes, and Aeromotors. By Frederick Walker, C E., Associate Member 
of the Aeronautic InsliliUe. With 104 Illustrations. Large Crowti Svo, doth. 

Ntt 7/e 
I STONE-WORKING MACHINERY. 

A Manual dealing with the Rapid and Ei^Jnomical Conversion of Stone. With 
Hints on the Arrangement and Management q£ Stone Works. By M. Powis 
Bale, M I M,E, Second Edition. Enlarged, Crown Svo, doth . O/- 

"Tbe bookihauld tKtn the hindi oCcvecy mason or iludcnl of >Ioncwa[k."~CDUi(.> GMr4w<L 

_ "A cipilal hanillHxik [gr all who msDipnlale none tor building oi ammuenliil potpma' — 

^Uatkintty MdrAit. 

fpWaPS AND PUMPWG. 

A Handbook for Pump Users. Being Notes on Selection, Construction, and 
Management. By M. Powis Bale, M.I.M.E. Fourth Edition. Crown 
" 1, doth . 
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II Ukliliig. °" t&oroTiBhly pracciMl and clearly wriiIen,"-G(iugo» HtraU. 

P MILLING MACHINES AND PROCESSES. 

A Practical Treatise on Shaping Metals by Rotary Cntters. Including Informa- 
tion on Malcing and Grinding the Cutters. By PAi;t. N, Haslcck, Author of 
"Lathe Work," With upwards ot 300 Engravings, Large Crown Svo, clolh 19/0 

[ LATHEWORK. 

I A Practical Treatise on the Tools. Appliances, and Processes employed in the 

Art of Turning. By Paol N. HasldCk. Eighth Edition. Crown Svo. clolh B/- 

do il, aod'b'ow''io'"Mn^y''hu''l^DwIedge''lD°oiht". tS all l'grTiEi°"la blJok would'bi!"^iUl>™"- 
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screw threads. 

And Methods of Producing Them, With numerous Tables and complete 
Directions for using Screw-Cutting Lathes, By Paul N. Hasluck, Author of 
"LatiicWurk,'' &o SiMh Edition. Waistcoat-pocket siie ... 1/8 
.1 . ■ i,ii;L.,.ind practical ctiiichun, Tap!i,dTes,and scrcwlngioolssenBtally 
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TABLES AND MEMORANDA FOR ENGINEERS, 
MECHANICS, ARCHITECTS, BUILDERS, Btc 

Selected and Arranged by FRJ^NCIS SMITH Se\-enlh Edition. Revised, induding 
ELECTRtCAL Tables, Formul.e, and MENtoRANUA. Waistcoat-pocket size, 

limp leather [Jml PaUish$d. IJfl 

"ll wanid, peihsps, br u difficult 10 make a small pockel-book lelccllon of noi« and lonnglK to 
Ml AI.I. CKilnecii n It wagid be tg make a unlvsnal midlclne: but Mr. Smllb's wnlitcuai-poekal 
vaUecllOD mar b« looked upon asaiucuBsful atIeuipl."-^Eii(ia(— 

" Tba b«i eiamplo we hsve ever seen nfiTo pages of uiefgl .... . 

B card oat."— Building Nmt. " A veritable pocket Ireuury at knowledgt 

POCKET GLOSSARY OF TECHNICAL TERMS. 

English-French, French-English; with Tables suitable (or the Architectural, 
"" '" ' -..-.• jjjj Nautical Professions. By John James 

pp. Waistcoat-pocket aiie, limp leather *'" 




8 CKOSBY LOCKWOOD &• SOJf'S CAl'jiLOGUE. 

THE ENGINEER'S YEARBOOK FOR 1904. 

Comprising Formulx, Rules, Tables, Data and Memoranda in Civil. Mechanical, 
Electrical, Marine and Mine Engineering. By H R. Kehfb. A.M. Inst. C.£., 
M I.E.E., Principal Technical Officer, Engineer-in-Chief e Office, G«acral Port 
Office. London. Author ot " A Handbook of Electrical Testing." ■' The Elecirical' 
Engineer's Pocket-Book," &c. "With 1,000 Illustrations, specially Engraved (arJ 
the work. Crown Svo. gZif pp.. leather . . . ijo^t Publuhtd. Bh 

" Kempe's Year-Book rpally recEilreBDO commeiidallon. lb ipfacre cpI iisefkilfwu li wldelv knovn, 
»od U HuMd by cngliwm Ihe xrortd ■"■- ■^— — 



uaUe and nelt-dei 
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Uiullar publlcaljons in Ihti coanay."— Eur \imiuit. 
IcTsoce nseo ibe duauidi ol ill daen|iUi>nt M 

irancb DfcnglncBiliig und comlnicUon."— Snilif 



"The need! of lbs engineering piofcHton eauld birdlybc 

■nd Ibal miy jusily be maid of ll."— Wimiv/ininwJ. 

"Then It c«»loli room In Ibe new Esmer. wblcb lupp 

" Brinii nweiber wllfa gnU skill all the lecfanlcsl Infonna 
daji. li Is 111 every way admirably equipped. »nd li sote 10 pr 

THE PORTABLE ENGINE. 

A Practical Manual on its Conslniclior 
of Owners and Users of Steam Engine 
Wansbkough. Crown 8vo. cloih 



and Management. For the U: 
generally. By William Dvsod 

am 



r Ironmasters and (heir 

_..... _ . . Kolling Mills ; Iron am ... 

Ship and Bridge Builders; Mechanical, Mining, and Consulting Eagineera; 
Archiiecis, Contractors. Builders, Ac. By CnARLBS Hoare. Author o( " Tba 
Slide Kule." &c. Ninth Edition. 32010. leather ..... 6/- 

CONDENSED MECHANICS. 

A Selection ol Formulx, Rules. Tables, and Data (or the Use of Engineeriiic 
Students, &c. By W, G. C. Ht;GHEs. A M I C.E. Crown Svo. clolh 2/6. 

" The book Is well fined [or Ibose wbo are preparing lor eiamlnsllon and wisb 10 refresh ihett 

THE SAFE USE OF STEAM. 

Containing Rules for Unprofessional Steam -users. By an Enginber. Eighth' 



Edition. Sewed 






THE CARE AND MANAGEMENT OF STATIONARY! 

ENGINES. 

A I'racticai Handbook for Menin-charge. By C. Horst. Crown 8 vO, 

Nil 

THE LOCOMOTIVE ENGINE. 

The Autobiography of an Old Locomotive Engine, By Robert Weathekbum 
M.I M E. With Illustrations and Portraits of CeorOe and Robert SiBniUI 
SOM. Crown Svo, cloth . . . . . . Net 2/8" 

THE LOCOMOTIVE ENGINE & ITS DEVELOPMENT. 1 



L Popula 
between 1803 and 190 
Revised and Enlarged. 



the Gradual Improve 



MECHANICAL ENGINEERING. A^. 



MODERN MACHINE SHOP TOOLS. 

A I'raciical Treaiise describing in every detail ihe Construction. Operation and 
pulalion of both Hand and Machine Tools: being a work of Practical 
uction in all Classes of Machine Shop Practice, including Chapters on 
Filing, Fitting and Scraping; Surfaces : on Drills, Keamers. Taps and Dies ; 
the Lathe and its Tools ; Planers. Shapers and their Tools; Milling Machines 
and Cultera; Gear Cutlers and Gear Cntling : Drilling Machines and Drill 
Work; Grinding Machines and their Work; Hardening and Tempering, 
Gearing. Belling, and Transmissioo Machinery; Useful Data and Tables. 
By William H. Van Dhrvooht, M.E. Fourth Edition. Illustrated by 673 
Engravings of Latest Tools and Methods, all of which are fully described. 
Medium 8vo. cloth [J«il PuUhhii. Ntt M/- 



ItOCOMOTIVE ENGINE DRIVING. 
A Practical Manual for Engineers in Charge of Ijjcomc 
Michael Kbvnolds, former ■ 
Edition. Including a Kkv 

bMk noi' onlv''lo Iha'priciLu driver 
looommlve engines, "-7 A. Eaei«"'. 



Or. 8vo, cloth. 4>iS 
ifidenily Tpcommcnd th* 
Kt Lu Ihe perforiDUice ot 

rhis admlnble pracilciU 



ItHE MODEL LOCOMOTIVE ENGINEER, 



Fireman, and Engine-Boy. Comprising a Historical Notice of the Pioneer 
Locomotive Engines and their Ini-entors. By Michael Revnolds. Second 
Edition, with Revised Appendix. Crown 8vo, cloth 4/6 

" We (fanuld be itlad 10 Me 1hl9 book in Ihe posseulon of evcrjone in Ihe kingdom who bu ever 
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NTINUOUS RAILWAY BRAKES. 

A Practical Treatise on the several Systems in Use in the United Kingdor 
iheir Construction and Performance. By Michael Kbvnolcs. 8vo, cloth I 

»sf l™he br^'e/^iW'uk £'k^> 
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ATIONARY ENGINE DRIVING. 

A Practical Manual for Engineers in 
" -HAEL Ke^solus. Sixth Edition 
cloth . .... 



K"i"'"-INE-DRIVING LIFE, 
.rring Adventures and Incidents in the Lives of Locomotive Engine-Driven. 
• Michael Rkvnolds. Third Edition. Crown 8vo, cloth ... 1/6 
e by true IncldLnLs. endless in Ihcli varicly. reined In every pane."— tVi>'lA Bhliih Mail. 
ENGINEMAN'S POCKET COMPANION, 
id Practical Educator for Enginemen, Boiler Attendants, and Mechanics. 
By Michael Kevnolds. With Forty-&ve Illustrations and numerous Diagrams. 
Fourth Edition, Revised. Royal iBmo, strongly bound for pocket wear , 3/8 
IS euceiact god pneilcal (nini >U ibe Inlbtautli 
ic pTlnclple* of hll 6tl}y calling would requlre."- 
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) CfJOSBy LOCXIVOOD &• SOff-S CATALOGUE. 

CIVIL ENQINEERINQ, SURVEVINO, ETC. 



PIONEER IRRIGATION. 

A Manual of Informatian for Farmers in the Colonies. Bv E O. M*W' 
M.Insl.C.E., Executive Engineer, Public Works Department. Bombay. With 
.Wditional Chapters on Lioht Railwavs by E. K Calihrop, M.Inst.C.E., 
M.l.M.E. lllustraieil by Numerous Plates and Diagiaras. Demy 8vi>. cloth. 

{}usiPii)iUikcd. stt ^otm 

AKB Wnna.—CANALs.— Uhoeigiouiid W«ter.— Methods of ImnoJtiiiiii.—SiWAat Im'^tiom 
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anlcal Treatise 


ByCHA 


LE.s pRELiNi, C.E.. with Additions by Chaiu.ks S 


Hjl 


L. C.E With 


50 di^Rrar 


05 and Illustraiions, Royal 8vo. cloth. N,l 16/- 



PRACTICAL TUNNELLING. 

Explaining in detail Setting-out the Works. Shaft-sinking, anii Heading-driving. 
Ranging the Lines and Levelling underground. Sub-Excavnling. Timbering and 
the Construction of the Brickwork of Tunnels. By V. W. Simms. M.Inst. C.E. 
Fourth Edition, Revised and Further Extended, including the most Receat 
(1895) Examples of Sub-aqueous and other Tunnels by D. Kinneak Ct-Axi;. 
M.Insl.CE. With 34 Folding plates. Imperial 8vo. doth . £2 2a.. 

"The pr«enl Uirfii e<ll<lan hai bcFn brougbl rfabl up 10 date. and li a WQck 10 which et*d 
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THE WATER SUPPLY OF TOWNS. 
STRUCTION OF WATER-WORKS. 

A Practical Treatise lor the Use ni Engineers and Sludenls of Engineering. 
W. K, Burton. A, M.Inst, C.E.. Consulting Engineer to the Tokyo Wall 
Works. Second Edition, Revised and Extended. With numerous Plates ai 

Super-royal 8vo, buckrara 2B^ 
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RURAL WATER SUPPLY. 

A Practical Handbook on the Supply of Water and Construction of WateTwork 
for small Countr\' Districts. By .^llan Gseenwell. A.M. ICE., and W, 1 
Cdhrv. A.M.I C.E., F.G.S. With Illustrations. Second Edition, RevisM 
Crown 8vo, clolli . . 8J 

nail dlithcii. KlvineAircBi deal of naeiical Intonoallan in a small comdatt."- Mvijibr. 
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CIVIL ENGINEERING. SURVEYING, A-r. u 

; "WATER SUPPLY OF CITIES AND TOWNS 

Bv William Humbeh, A.M.Inst C.E.. and M Inst.M.K., Author of ■■ Caal and 
Wroufihl Iron BridRC Consl rue lion." Ac. ic. lilustraled with 50 Double Plates. 
1 Single Plate, Coloured FronlLspiece, and upwards of 250 Woodcuts, and 
containing 400 pages of Text. Imp, 410, elegantlj- and substantially half-bound 
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THE PROGRESS OF ENGINEERING (1863-6). 

Hy Wu. HoMBEK, A,M.Insl.C.E. Complete in Four Vols. Containing 148 
Double Plates, with Portraits and Copious Descriptive Letterpress. Impl. 4I0, 
hall-morocco. Price, complele. dB12 12b. : or each Volume sold separately 
at £3 3b. per Volume. Discriftivi Lhl 0/ Cuntinls o« afpUcatiou. 

HYDRAULIC POWER ENGINEERING. 

A Practical Manual on the Concentratiou and TransmUsion of Power by 
Hydraulic Machinery. By G. Cbovdon Marks. A.M.Inst.C.E. With newly 

200 Illustrations. 8vo, clott Nit 9i- 
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HYDRAULIC TABLES, CO-EFFICIENTS, & FORMULAE. 

For Finding the Discharge of Water from Orifices. Notches, Weirs. Pipes, and 
Rivers. With New Formula-, Tables, and General Itiformation on Kain-fall, 
Catchment- Basins. Drainage, Sewerage, Water Supply for Towns and Mill 
Power. By John Neville, C.E., M R I.A. Third Edition, lievised. with 
Additions. Numerous Illustrations. Crown Svo, cloth 14/- 

DRAULIC MANUAL. 

Consisting of Working Tablci and Explanatory Text, Intended as a. Guide in 
Hydraulic Calculations and Field Operations, By Lowis D'A. I ackson. Author 
of "Aid lo Survey Practice," "Modem Metrology." &c. Fourth Edition. 

Enlarged. Large crown Svo, cloth . 161- 

"The authdi hiscoDBiiucied u manual whlcb way be nccppHd >s a IrubtwDitbr gulda 10 tills bruch 
angllteei'i protemon,"— £<iginM™s- 

PATER ENGINEERING. 

A Practical Treatise on the Measurement, Storage. Conveyance, and Utilisation 
of Water for the Supply of Towns, for Mill Power, and for other Purposes. By 
Charles Slacg, A.M. Inst C.E. Second Edition. Crown Svo, cloth . 7/6 
lull pTBCtLcal liullK on Ibe water mpplj' of lowni. and on wme applies 





THE RECLAMATION OF LAND FROM TTOAL WATERS. 

A Handbook lor Engioeers, Landed Proprietors, and others intcreslej 
of Reclamation. Bv Alex. Beazelev, M.IqsI.C.E. Svo, clolh . Nil lO/fl 
-■Thabook shoH-s in a concise vmywh.! has In be done in fcclalmln. lind from Ihe " ' 

b«l wavof dolne II. The work Eonwini betui deal of pracllcil and uieCul Infonnatlon w 

Inlendlng u reoUlm bod from the Ha."— rfii Enrinai, 

" The ■□(bar hit Giutied out his laakeffidenllT ind well, and his book conuliu a luge uoou 

MASONRY DAMS FROM INCEPTION TO COMPLETION. 

Including numerous Formula. Forms of Specification and Tender. Pocket 
Diagram of Forces, &c. For the use of Civil arid Mining Engineers. Dy C F.. 



CotJHTNEV, M.Inst.C.E. 
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RIVER BARS. 

The Causes of their Formation, and their Treatment by "Induced Tidal Scour: 
with a Descripiion of the Successful Heduclion by this Method of the Bar at 
Dublin. By I. J. Muss. Assist. Eng. to tbe Dublin Port aod Docks Board- 
Royal 8vo. cloth 
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TRAMWAYS t THEIR CONSTRUCTION & WORKING. 

Embracing a Comprehensive History of Ibe System ; with an exhauslive Analysia 
of the Various Modes of Traction, including Horse Power, Steam, CaU« 
Traction, Electric Traction, &c. ; a Description of the Varieties of Rolling Stock; 
and ample Details of Cost and Working Expenses. New Edition, Thoroughly 
Revised, and Including the Progress recenlly made in Tramway CoQStruclion, 
&c. &c. By D. Kjnsear CLtRK, M.Insl.C.E. With 400 Illustrations. Svo. 

780 pages, buckram 2SH 

"The new volume li one which will rank, amone iiumwa; en^inHr^ and ihote 1 
inuiway »orl>liig, xiih il><^ author's yvor1d-£iin»l book on railway machlneiy,"— I-jti £• 

SURVEYING AS PRACTISED BY CIVIL ENGINEERS 
AND SURVEYORS. 

Including the Setting-Out of Works for Construction and Surveys Abroad, willl 
many Examples laken from Actual Practice. A Handbook for use in tbe Field 
and Ihe Office, intended also as a Text-book for Students. Bv John White- 
law, Jun., A M.Inst.C.E., Author of " Points and Crossings." With about z6o 

Illustrations. Demy 8vo, cloth Nel 10/6 

■' Thl5 WDfk lE wtiiccn with admliahle liicidiiy, and will cenalnly be found of diaUnei v»lii. 
to sludcnls and 10 Ihou ciigaKed In aclual pcacllw."— rA< B-iUtr. 

PRACTICAL SURVEYING. 

A Text-Book for Students preparing for Examinations or for Survey-work ii 
Colonies By George W. Usill. A MICE Eigblh Edition, ihorougU^ 
Revised and Enlarged by Acexandek BEAiKi.Ev, M.Insl.C.E.. Amhor a 
"The Reclamation of Land from Tidal Waters," &c. With 4 LithograpU 
Plates and 360 Illustrations. L.arge Crown Svo, 7/B cloih; or, on Thin Pap— 
leather, gilt edges, rounded comers, for pocket use [J«it Fubluhett. 

•■ The belt fotmi of IniinimeDII are deKrIbed as 10 ihelr consi ruction, iu« and mods ot n 
CDSnl, and Ihere are Innumerable blntt on work and equiiniiEiit sueb at Ihe auihor, in fall i 
■arveycr. draujihiuuan and teacher, ha> laund necessary, and uifaich tlie student In bi> 

"The fini book which should b^ put In Ihs bands of a pupil q( Qvll Engineering. 

AID TO SURVEY PRACTICE. 

For Reference in Surveying. levelling, and Selling-oul ; and in Route Sorvefl 
of Travellers by Land and Sea. With Tables, Illustrations, and Records. 
Lowis D'A. Jackson, A.M. I.e. E. Second Edition, Enlarged. Svo, cloth 12j 
" Ur.lackicin has produced a yaluable curtF-MKum [or theiurreyDr. WecanreeeDUIMndtbUbO 
u eontalnlng an admirable supplement lo the teaehlag of Ihe ■eeomjiUshed surrev[>r."~-^lkM«Hn. 

"Theaulborbrlngsio blswotkaforiunale unlou of theoly and pracllcatei ■■■ . 

b)r a elaar and lucid Kyle of wrtilng, render* Ihe book a veiyaKfol one."- "•■-'- 
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SURVEYING WITH THE TACHEOMETER. 

A Practical Manual (or ihe use of Civil and Military Engineers and Surveyors, 
laduding iwo .series ol Tables specially compuied for the Reduciion of lieadings 
in Sexagesimal and in Centesimal Degrees. By Neil Ken'Medv. M,l05t.C,E. 
Second Ediiioa. With Diagrams and Pla.tes. Demy Svo, cloth. 

\]uU Fublished. Nit 10/6 
The ttork Is very ciMrly wrillrn, ntid should remove nil dlSeultlcit lii ItiB way of any lurveyM 

IGmEER-S & MINING SURVEYOR'S FIELD BOOK. 

CoDsislinK of a Series of Tables, with Rules, Eiplanalions of Systems, and use of 
Theodolite for Traverse Sun-eying and Plotting the Work with mioule accuracy 
by means of Straight Edge and Set Square only , LevellinK with the Theodo- 
lite: Setting-out Curves with and without the Theodolite; Earthwork Tables 
«c. By W. Davis Haskoi-l, C.E. With numerous Woodcuts. Fourth Edition, 
Ejilaised Crown Svo, cloth . . 13/- 

■ '- - -any olh*rpu^oses, ihe "eliulne ua-'tne ia.ii}aaliang »S the uml.^—.i llun«um. 

AND MARINE SURVEYING. 

In Reference 10 the Preparation of Plans for lioadsand Railways: Canals. Rivers, 

" Towns' Water Supplies ; Docks and Harbours. With Description and Use a! 

Surveying Instruments. By W. Davis Haskoll, C E Second Edition, Tievised, 

with Ad^iioDS. Large crown Svo, cloth 9/- 

Itnt mnnd Ihai It will moio iban repay a careful siudy."— M«ftniiirjl World, 

I iikIuI book lor the Bludeni. We can ilrongly reconiniend II u a earefully-wiliieii and 

JJCIPLES AND PRACTICE OF LEVELLING. 

Showing its Application to purposes of Railway and Civil Engineering in the 
Construction of Roads , with Mr. Telford's Rules for the same. By FuBDEHlcit 
W. SiHMs, M.lnat.C.E. Eighth Edition, with Laws Practical Eiamples (or 
Setting-oat Railway Curves, and Tkautwinh's Field Practice of Laying-out 
Clmlar Curves. With 7 Plates and numerous Woodcuts, Svo S/fl 

"Thu publishers have tendered a 9ub»iaji(liT service ID Ihe pn£«lon, ejpcelall* 10 IheyounHer 
ahen. by brln)!lri^ uui ihe proeni <.<dlIlon of Mi. Simini's uscliil ■Koihr—EuKi'anig. 

OUTLINE OF THE METHOD OF CONDUCTING 
A TRIGONOMETRICAL SURVEY, 

For the Formation of Geographical and Topographical Maps and Plans, Military 
RecotinaiBsance, LEVELLING, Ac, with Useful Problems. Formulje, and 
Tables. By Lieut. -General Fhomb, K.E. Fourth Edition, Revised and partly 
Re-written by Major-Oeneral Sir Chables Warben, G C M G , R E With 19 
Plates and 115 Woodcuts, royal Svo, cloth 1S/- 

«Lbl9 wQck. SlrCharie^WarieuhaireilwdiEeenilre work.and made iucbid<JlllD»^a& were necciury 
«LO btlng every poclloti of ihe CDnlenIi up 10 Lhe fraem Jale. "— /(road Arrow. 

"TABLES OF TANGENTIAL ANGLES & MULTIPLES. 

For Setling-out Curves from 5 to 100 Radius. By A. Bea/elev, M.Inst.C.E. 
Sixth Edition, Re\-i5ed. With an Appendix on the use of the Tables for 
Measuring up Curves Printed on .^o Cards, and sold in a cloth box, waistcoat- 
pocket size 3/S 

~&«h ubieis printed on a small card, wblcb. being placed on Ihe Iheodallle.ii^avaibe hands fr« 
Kiininlpnlale ihe InEirumeni— no ^mall advanlaec as ri^i^acds the fapldlLy of work, "—fiigiutr. 
- "VsYhandyranianmay know that all bi; day't work niuv tail on Iwoof Ibeu eardi, whid) ba 
■ tailo bit own eaid-cue, and leaves the resi behind. "—jlItiiid'Hni. 

lY GENERAL EARTHWORK TABLES. 

Giving the Contents in Cubic Yards of Centre and Slopes of Cuttings and 
Embankments from 3 inches 10 So feet in Depth or Height, for use with either 
« feet Chain or too feet Chain. By J. H. Watson Buck, M.Inst.C.E. On a 
Sheet mounted ■□ cloth case 3JB 
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EARTHWORK TABLES. 

ShowinK Ibe Contenls in Cubic Yards of Embankments. Cuttings. Ac. of Heighl 
or Depths up to an average of So feet. By Joseph BaoADBBNT, C.E. 
Fbanc[sC*vipin, C.E, Crown 8vo. cloth ...... 

demenit, iwo In *bich are cotuunt miJ one v'lrJablc, It lngenlom."-.4(ft«*nm. 

A MANUAL ON EARTHWORK. 

By Alex. T. Grah*m, C.E, With numerous Diagrams Second Edition. iSrao, 

cioih a/w 

THE CONSTRUCTION OF LARGE TUNNEL SHAFTS. 

A I'riiciical and Theoretical Essay. liv J. H. Watson Duck, M Inst C 
Resident Engineer, L. and N. W. R. Wi'lh Folding Plates, Svo, cloth . la/ii' 

the farm of arch. Ih> ruin (oi ard«1n|t Ihe none, and the conntrucllan of the lemplaies, will be 

"Wni beniEardcd by civil englneenu of Ifar mmiHI vilue, and calculved to uve much ilm 
obtliie Diuir mitukci."— Cdlwry GmirifKiii. 

CAST & WROUGHT IRON BRIDGE CONSTRUCTION 

(A Complete and Practical Treatise on), including Iron Fuundalioni 
Three Pans— Theoretical, Praciical, and Descriptive, By Willum Hd 
A M.Inal.C.E,, and M Inst.M E. Third Edition. Revised and macb improved.' 
with 115 Double Plates (20 of which now first appear in this edition), and 
numerous Additions to the Text , In 2 vols., imp. 410. half-bound in morocco. 

£6 IBs. 64. 

elsvillant, plani, and secUans. lariw Kale delalls are given, whicb verr much enhance thelnil 
ilh oflhoH lildslralloni."— Cini Eaginar ami ArcliilKl'i Jvuntal, 



" Mr. Humber'B iialely vulaniei, laiely Is 
Ihe lau five yekn, under Ibe dlceclion of-*— 




, jnel. Sic W. Coblil. Mr. Hawlahaw, Mr. Pa«^, 

nr. Fawln-. Mr. Hemaiii, and Mbert aniQns our mosl emlaeol englneen. are drautu and tpedfii ' '- 
(reel delall."— SneiM". 

ESSAY ON OBLIQUE BRIDGES 

(Practical and Theoretical). With 13 large Plates. By ihe late GeorcI 
Watson Bdck. M.I C.E. Fourth Edilion, revised by his Son. 1, H. Watsoji 
Buck. M.l C,E, ; and with Ihe addition of Description to Diagrams lor Facililating 
the Construction o( Oblique Bridges, by W, H. Barusw. M.I C.E. Royal Svo. 

cloth law 

"The itandatd teil-bock for all englneen regarding >kew accha I9 Mr. Buck*! Iiealise. aiid k 
VKhlld be Impossible iq consult ;i be1leT."--£nfl'Hfr. 

" Ur. Buek'A EreallM isrecDi^nlAeduaasUiiiaardEeit'baQk.indhlsiteainieiiiha&dlvrrUed rfasgub] 

THE CONSTRUCTION OF OBLIQUE ARCHES 

(Apractical Treatise on) ByloHsHAKT. Third Edition, with Plates. Imperial 
8vo. cloth .... - b; 

GRAPHIC AND ANALYTIC STATICS, 

In their Practical Application to the Treatment of Stresses in Roofs, Solid Girder 
Lattice, Bowstring, and Suspension Bridges, Braced Iron Archos and Piers, an 
other Frameworks, By R, Hddson Ghahah. C.E. Containing DiaiE;ranis jui_ 
Plates to Scale. With numerous Examples, many taken from existing Slructares. 
Specially arranged for Class-work in Colleges and Universities. Second Editioa,' 
Revised and Enlarged, 8 vo, cloth *~" 

WEIGHTS OF WROUGHT IRON AND STEEL GIRDERS 

A Graphic Table for Facilitating the Computation of the Weights of Wronghif 
Iron and Steel Girders, &c„ for Parliamentary and other Estimates, By 1. H, 
Watsos Buck, M.Inst.C.E. Oo a Sheet . . Sil 



SEOHETRY FOR TECHNICAL STUDENTS. 

Vn Inlroduction to Pure and Applied Geomelry and the Mensural ion of Surfaces 
uid Solids, includini; Ptoblema in Plane Geomelry useful in Drawing. By 
". H. SpRAr.DE, A,M,I.C.E Crown Svo. dolh . [Jast Fublisitd. Nil 1J_ 

ACTICAL GEOMETRY. 

For the Architect. Engineer, and Mechanic. Giving Rules for the Delineation 
and Application of various Geometrical Lines, Figures, and Curves. By E. W. 

Tarn, M.A., Architect. 8vo. cloth . 0/- 

" No book wllh Ibf unif objKts In view hu ever been published In whlrb ihecl<:ajnHa af Ibe rulei 
■ ■ m und ihe illuslraiive dlagrann bave been so saUsiacii>ry."-Scur.mu". 

; GEOMETRY OF COMPASSES. 

Or. Problems ResoUed by the mere Description of Circles, and the use of 
Coloured Diagrams and Symbols. 13y Oliveh Bvbse Coloured Plates. 
Crown 8vo. clolh 3/6 

PERIMENTS ON THE FLEXURE OF BEAMS. 

Resulting in the Discovery of New Laws of Failure by Buckling. By Albert 
E, Gov. Medium Svo, cloth ...... . JV(/ 9/- 

ANDY BOOK for THE CALCULATION OF STRAINS 

In Girders and Similar Structures and their Strength. Consisting of Fonnulz 
and Corresponding Diagrams, with numerous details for I'ractical Application, 
Sx By WtLt-iAM Hdmbeh, A.MlnstC.E,, &c. Fifth Edition. Crown 8vo, 
with nearly loo WoiMlcuts and 3 Plates, cloth .... . 7/0 

IfomJ)' booh 10 our engineer and irchlMcl re»de(s."—«itgjH* 

RUSSES OF WOOD AND IRON. 

Practical Applications of Science in Determining the Stresses, Breaking WeightE, 
Safe Loads. Scantlings, and Details of Construction. With Complete Working 
Drawings. By William Griffiths. Surveyor. Oblong Svo, cloth , 4/S 

THE STRAINS ON STRUCTURES OF IRONWORK. 

With Practical Remarks on Iron Ci-nstruclion By 1~. \V Shf.ilhs, M l.C.E. 

I A TREATISE ON THE STRENGTH OF MATERIALS. 
m With Ruleii for application in Architecture, the Construction of Suspension 
I Bridges, Railways, iic. By Peter Barlow, F.R.S. A New Edition, revised by 
I hia Sons. P. W. Barlow, F.R S., and W. H. Barlow, F.R.S. ; to which ajre 
added. Experiments by HouiiKissoN, Fairbaien, and Kirkaldv ; and Fomabe 
for Calculating Girders, &c. Edited by Wm. Huhber, A.M. l.C.E. Svo, 400 pp., 

with ig Plates and numerous Woodcuts, cloth 191- 

■■ Vilnable alike lo tha sindent.iyro.and the nperloneed prKIllLoner.tl will ilwityi nrnkln Ditare, 
**ll hu lilllieno done, as Ihe uandard Ireatlse on Itaal parttculac subjeei."— £>ieiiu(r. 

fe railway working. 

A Treatise on Railway Accidents, their Cause and Prevention : with a Descrip- 
tion of Modem Appliances and Systems. By Clement E, Stretton, C.E., 
With Illustrations and Coloured Plates, Third Edition. Enlarged. Crown Svo, 
cloth . -.3/6 

EXPANSION OF STRUCTURES BY HEAT. 

By John Keily, C.E., late of the Indian Public Works Deparlmenl, Crown 
he effects of beai 
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PUBLICATIONS OF THE ENQINEERINQ 
STANDARDS COMMITTEE. 

Thi; Engi\'eekin'g Standards Committee is the outcome of a 
Committee appointed by the Institution of Civil Engineers at the 
instance of Sir John Wolfe Barry, K.C.B., to Inquire into 
advisability of Standardising Rolled Iron and Sleel Sections. 

The Committee is supported by the Institution of Civil Engineers, 
the Institution of Mechanical Engineers, the Institution of Naval 
Architects, the Iron and Steel Institute, and the Institution of Elec- 
trical Engineers ; and the value and importance of its labours has beea 
emphatically recognised by His Majesty's Government, who have made 
a libera! grant from the Public Funds by way of contribution to 
financial resources of the Committee. 

The subjects already dealt with, or under consideration by lh«. 
Committee, include not only Rolled Iron and Steel Sections, but Testa, 
for Iron and Steel Material used in the Construction of Ships and thei: 
Machinery. Bridges and General Building Construction, Railway Rollinj 
Stock Underframes, Component Parts of Locomotives, Railway an< 
Tramway Rails, Electrical Plant, Insulating Materials, Screw Threads 
and Limit Gauges, Pipe Flanges, Cement. &c. 

Reports already Published ;— 

1. BRITISH STANDARD SECTIONS. 

List I. EyOAL ANOi-es.— List 2. Uneou^l Angles.— List 3. Bulb Am 
List 4 Bulb Tees.— List 5. Hulh 1'laies.— List 7. Channels.— Li 
Be*ms. Fcap. folio, sewed [Juil PMiihcd. .V(( 

2. BRITISH STANDARD TRAMWAY RAILS AND 

FISH PLATES: STANDARD SECTIONS AND SPECIFICA- 
TION. 
Fcap. folio, sewed 'JuiiVubUihid. Nil 21/- 

3. REPORT ON THE INFLUENCE OF GAUGE LENGTH 

AND SECTION OF TEST BAR ON THE PERCENTAGE 
OF ELONGATION. 
By Professor W. C. Umvin. F.K.S. Fcap. (olio, sewed, 

IjHs! P«bUihi4. mi 9M 

4. PROPERTIES OF STANDARD BEAMS. 

Demy 8vOi sewed [Jmt I'ubliihed. Nil 1/— 

6. PROPERTIES OF BRITISH STANDARD SECTIONS,, 

Embracing Diagrams. Definitions, Tables, and Formula.-. Demy 8vo, cioth. 

J>:sl I'uhhshtd. Nil Bfm- 

7. BRITISH STANDARD TABLES FOR COPPER CON- 

DOCTORS AND THICKNESSES OF DIELECTRIC. 

Fcap. folio, sewed , Just Pubhihid. Nil »'«, 

8. BRITISH STANDARD SPECIFICATION FOR, 

TUBULAR TRAMWAY POLES. 

Fcap, tolio, sewed [Jusl Pulilishtd. Nil 5^•1 

BRITISH ENGINEERING STANDARDS CODED LIST. 

KoUed Seciions for Constructional Iron and Steel Tram Kails Compiled bj. 
Rqbeki Atxinson 476 pages. 410, cloth . Nit 21/- 



MARINE ENQINEERINO, SHIPBUILDINQ, 
NAVIGATION, ETC. 

MARINE ENGUVES AND BOILERS. 

Their Design and ConiiU-uctiun. A Handbook Tor ibu Use of Students. 
Engineers, and Naval Cunatmclors. Based on the Work " BerecliQUng luld 
KonstniktiOD der SchiOsmaschinen und Kessel." by Dr. G. Badbr. Engineer- 
in-Cfaief of the Vulcan Shipbuilding Yard. Stettin. Translated from the Second 
GermaD Edition by E. M. Donkin and S. Bkvan Dohkin. A.M.I. C.E. Edited 
by Lkslib S. Robertson, Secretary to the Engineering Siandaj-ds Commiitee, 
H.I.C.E.. M.I.M.E., M.I.N.A.,&c. With numerous Illustrations and Tables. 
" " nSvo, cloth .... INtarly RiaJy. Pnci aboHl Net ^til- 

. PARTI.— MAIN ENGINES.— Detehhihatioh OP CvLiKumUiuKK- 

" " SOyPlSTaK.— NUHHEIOPRIVOLUTIOHI. 




-SHAFTING, RESISTANCE O 



. PART IV.— PIPES AN 



THE NAVAL ARCHITECT'S AND SHIPBUILDER'S 
POCKET-BOOK 

Of Formula?, Rules, and Tables, and Marine EoKineer's and Surveyor's Handy 

Book o( Reference. By Clement Mackbow, * 

fully Revised and Enlarged. Fcap., leather 



Cuvin or Smr's Huu..— St 


*B11.IT» CuHVItS 1HI> MhTXCIHTUS.— SlA ASH SMiUJW-lHTIl. 


W<n>.— RDU-iHOCrrSKin.- P 




C«-T« or Erro.r,-D..T»»«. 


Q0WKRlVII>3,CaAaTLlHBl.— SlEEKIHaAHD RuDDIHB OP VlllslILs! 




u VsLociTiBS.— Wkigbi Or MAni»i*L AND Ckar.-Cuh PiB. 






TssTii or M*Taiiiiiu.~BiHDiH 








P<>«iu,'Wou.-Bdai<[> or Tk 




RaoDUTianB ron Smrs.— Llo 




ScAHtUHOl roil Ships.- D4TA o 


fEkGIHEBAHP VessELI. — SHira'PlTTlHQSaHoTEItrs,— SlASOBIHC 




lirBT OP TlMSEB.- ALtOYl, Paihti. Vashishes.- D*ta roi 


SiowAoa. — ADuiuLTy Tmh 


rOI.T KEaULAT10NS.-RuLI.H PO» Ho»SK-PO*.l.. SCEIW P1.0- 










-K»ou.K WnoSTS »■» M.» 





— UEErubNuiiiE. _. ... . _ . 

LooAItiiiis or NuHBili.— TAELH°or ^vpeibouc Looaeithhs— Tablu of NATinufsilIRs' 

"Id lime days of advanced knnsrledKB a warkllks Ibli liof IbeeieHlHlialuB, ll conlilniBvui 
■mDanl of laforDiBltoD. We uohaluiln^ily »> thai It la ttan bum vaTuible couipllailDii lot Itslpscliic 

ililpbullder, can afford la l» wllboul ibis viork."—Naulit^ MtagttuU. 

■■ Should be aud bf all «bo am cn«ai[<nl in Ibe conurucllon or dcdgn ol vrwIb. Wilt ba (bund 
ID contain Ihe inoit uutui tables and furniulv mjulrcd bv ihl^bullden, collecivd bein Ibe beu 
auihfirlUei, and put logelbcriu a popular and iluiplg (otnt. 11 ii of mccptlnnal mitil."- £iijiii«f. 

"Apocket'buokof Iblidcici^pllon must be b n«culir lu IhE thlpbulldlni trade, llcontaloaa 
BH* of uisliil IntbcDutlon elBulymi ^ — ' j^--i 1- i — 



iS CROSBV LOCKWOOD 6' SONS CATALOGUE. 

WANNAN'S MARINE ENGINEER'S GUIDE 

To Boud ol Trade E laminations for Cerlifica.tes of Competeacy. ConlwaiDg 
atl latest Questions to Date, with Simple, Clear, and Correci Solutions: 
302 Elementary Questions with Illustrated Answers, and Verbal Questions and 
Answers: complete Sel of Drawings with Statements completed. By A. C. 
Wannan. C E., Consulting Engineer, and E W, I. Wamnan. M IM.E , 
Certificated First Class Marine Engineer. With numerous Engrat-ings. Third 
Edition, Enlarged. 500 pages. Large crown Svo. cloth . Ntl 10/6 

"The tK»k li clenrly and plainly wtllleD aud avoldi uitnecnsi? ciplanatlons anil fonaulas, u ~ 
w* conilJec It a valuable book (or studenis of marine engineering."— KiHUituI jro^dniw. 

WANNAWS MARINE ENGINEER'S POCKET-BOOK. 

Containing latest Board of Trade Rules and Data for Marine Engineers. By 
A. C. Wanna.v. Third Edition, Revised, Enlarged, and Brought up 10 Date. 

Square i8mo, with Thumb Indei. leather B/- 

" Tliere ii a ireai deal of uwful Inlonnalian In thia Iklle pocliel-booli. It li of tho rulcHitthuinb 
order, and Is. on thai account, well adapted 10 the uses ol ttie sea-going engineer."— £ii{iu>r. 

THE SHIPBUILDING INDUSTRY OF GERMANY. 

Compiled and Edited by G. Lehmann-Felskowski. With Coloured Prims, 
Art Supplements, and numerous Illustrations throughout the Ten. Super- 
royal 4to. cloth [jusl Publiiktd. N*t 10;6 

SEA TERMS, PHRASES, AND WORDS 

(Technical Dictionary of) used in the English and French Languages. (English- 
French, French-English) For ihe Use of Seamen, Engineers, Pilots, Ship- 
builders, Shipowners, and Ship-broters, Compiled by W. Pirrib. lale of the 
African Steamship Company. Fcap, 3vo, cloth limp ""' 

:laled by seamen, engineers, pilots. (Upbnllden and thlp- 



-full, .c 



,n,ple» 



MARINE ENGINEER'S POCKET-BOOK, 

Consisting ol useful Tables and Formula:, By Frank Proctor. A.I-NJV- 
Third Edition. Royal 32 mo. leather ^/. 

"A uost useful coQipajilonlo all marlnu Kag\mtn:^—UltiuJS^rr^clCaI^IU. 

ELEMENTARY MARINE ENGINEERING. 

A Manual for YounR Marine Engineers and Apprentices. By J. S. Bre' 
Crown Sv[), elQih , , 

PRACTICAL NAVIGATION. 

Consisting of The Sailohs Sea-Book, by 1. Greenwoou and W. H. Rosskk; 
with Mathematical and Nautical Tables for Working the Problems, by H. Law, 
C.E., and Professor J. K. Yocnc. izmo. half-bound .... 7;. 

THE ART AND SCIENCE OF SAILMAKING. 

' By Samcel B. Sadlbr. Practical Sailmaker. late in the employment of Messrs. 
Ratsey and Lapthome, of Cowes and Gosport. Plates, 4to. cloth . I3/S 

" This eilremely piacllcal work glvea a complele educallau In all Ihe brtiiHilies of thcmaaubc- 
cm ling out. rapine, seaming and goring, Itlscaidaaslv lllusttaied, and wlllfeiin a first-raw tejt-l 
and guide."— ;'c;>Ii»ioiilA 7'i»i(i. 

CHAIN CABLES AND CHAINS. 

Comprising Sizes and Curves of IJnks, Studs, &c.. Iron for Cables and Chi 
Chain Cable and Chain Making, Forming and Welding Links, Strength of 
Cables and Chains. Certificates (or Cables. Marking Cables, Prices of Chain 
Cables and Chains, Historical Notes, Acts o( Pariiament, Statutory Tests, 
Charges for Testing, List of Manufacturers of Cables, Ac, &c. By Thomas W'. 
Traill, F.E.R.N., M.lnat.CE., Engineer-Surveyor-in-Chief, Board of Tnde. 
Inspector of Chain Cable and Anchor Proving Establishments, and Cdwral 
Superintendent, Lloyd's Committee on Proving Establishments, With numerous 
Tables, Illustrations, and Lithographic Drawings. Foho, cloth. fiS SS. 
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subject."— ^nuticig' Uiigaatu. 






MINING. METALLVHCY. AND COl.UEKY iVOKK/XG. 



MINING, METALLURGY, AND 
COLLIERY WORKING. 

THE OIL FIELDS OF RUSSIA AND THE RUSSIAN 

PETROLEUM INDUSTRY. 
A Piaciical Handbook on llie Exploration, Enploilalion. and Manageraenl of 
Kossian Oii Properlies, inclajing Noles on the Origin of Pelroleum in Russia, 
a Descriplion of the Theory and Practice of Liquid Fuel, and a Tranalalioa of 
the Rules and Regulationa concemlnK Russian Oil Properties. By A. Bbbbv 
Thoupson, A.M.I.M.E., late Chief Engineer and Manager of the European 
Petroleara Company's Russian Oil Properties. About 500 pp. With numerous 
Illustrations and Photographic Plates, and a Map of the Bal akh any- Sa boon tchy- 
Romany Oil Field. Super-royal 8i-o, cloth \_]ust Publ-shed. Nit £3 3s. 

MACHINERY FOR METALLIFEROUS MINES. 

A Practical TrealiBC for Mining Engineers, Metallurgists and Managers of 
Mines. By E, Hevrv Davces, M.E., F.G.S. 600 pp. With Folding Plates 
and other Illustrations. Medium 8vo. cloth .... Nit 2S/- 

•■ Deals Fihiusii'Dly wlili itae miav mad comotei delalli o/bkh eo to make up tlie turn tola) of 

THE DEEP LEVEL MINES OF THE RAND, 

And their Future Development, considered from the Commercial Point of View. 
By G. A. Dennv (of Johannesburg). M.N.E.I.M E.. Consulting Engineer to the 
General Mining and Finance Corporation. Limited, of London. Berlin. Paris, 
and Johannesburg. Fully Illustrated with Diagrams and Folding Plates. Royal 
"■ - ■*---■ --- . ... Nit 25/- 

.c fuluia dF [lie decp-lsvel mlUFi of Ibi 

„ , „ ,^„ cr ftom a commera!*! itanilpcitnl Ihan 

from a Kicnilfic cnr, appuils la a wtds circle of resders. The book cannol full |g piaiv □( very greai 
value lo InvHion In Soulb African <aiBct."—M iitirtt: Jimntal, 

PROSPECTING FOR GOLD. 

A Handbock of Practical Information and Hints for Prospectors based on 
Pereonal Experience. By Danibl J. Rankin, F R.S.G.S., M,R A S., formerly 
Manager of the Central African Company, and Leader of African Cold Pros. 
pGcting Expeditions. With Illustrations specially Drawn and Engraved for the 

Work. Fcap, 8vo. leather Wrt 7/6 

pnspector't bene^i. A special lable it givea Eo acularate the «paitLng al a glance of minerals 

THE METALLURGY OF GOLD. 

A Practical Treatise on the MetaUurgical Treatment of Gold-bearing Ores. 
Including the Assaying. WeltinR, and Refining of Cold. By M. Eisslhr, 
M.Inst M M. Fifth Edition, EnlarRed. With over 300 Illustrations and 
Numerous Folding Plates. Medium Svo, cloth . ... Nit 31/- 
"Tbi« book ihocougbly deseiveillB lllle of a - - ■- — - -- 
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THE CYANIDE PROCESS OF GOLD EXTRACTION. 

And its Practical Application on the Wit waters rand Gold Fieldsand elsewhere 
By M. EissLEH. M.Inst.M.M. With Diagrams and Working Drawings. Third 
Edition, Revised and Enlarged. 8vo, cloth . .... Net 7/6 
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DIAMOND DRILLING for GOLD & OTHER MINERALS. 

A Practical Handbook on the Use of Modern Diamond Core-Drills in Prospect- 
ing and Exploiting Mineral -bearing Properties, including Panicutars of the Cost 
of Apparatus and Working. By G. A. Denny, M.N.E.Inst.M.E., M.Inst.M.M, 
Medium 8vo, i6fi pp., with lUuslraltve Diagrams 
"TlMre Is uttalnly Kope for a work on diunond drlllln 
reoegnliloo lot lupplylng a decided want."— ifinmjijwinia/. 
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GOLD ASSAYING. 

A Praciicai Handbook, giving the Mndm Opnanii for the Accurate Assay of 
Auriferous Ores and Bullion, and the Ciieinical Tests required in Ihc Processes 
of Extraction by Amalgamation. Cyanidalion, and Chlorioalion. With an 
Appendix of Tables and Statistics, By H. Toskl'a Phlllcps, F.I.C.. F.C.S.. 
Assoc Insl.C E , Author of "Engineering CfiemisLry," Ac, With Numerous 
llliislralions. Large Crown Svo. clolh [Jmt PuUishtd. Ntl 7/6 

FIELD TESTING FOR GOLD AND SILVER. 

A Practical Manual for Prospectors and Miners. By W. H MtrnuTT, 
M.N E.lnst.M.E., A.K.5.M., &c Witb Photographic Plates and other IllusirtL- 

tions. Fcap. 8va. leather Nrt Sl- 

" Ai an Inilruclor ot pmspeclon' clauec Mr. Merrill bas Ihr- ndvanuec of knawliiu eiietlr Ihe 
InCormalton likely to be mini valuable la the miner In ihe AeM. The eoaienia cover all tlie deulls of 
isDiplIni anil lesllng gold and sliver ores. A. uicfiil iddJUoa w > pcospecloi's kll,"— Wiowj/imnw/. 

THE PROSPECTOR'S HANDBOOK. 

A Guide for the Prospector and Traveller in Search of MelaJ-Bearing or other 
Valuable Minerals. By J. W. Anderson.M.A. (Camb ), F.R.G.S. Ninth Edition. 
Small crown 8vo, 3/0 cloth ; or. leather . 4/B 

"Will anpply a much felt want, especially aiiJon£ColDnl8iB.lnnhoH wayvresoafleti tbrdftn 

mlaeialoKica! specUnEoi Ihe value of which It Isdlfficall lo deiennlne."— fnciiwr. 

" Haw 10 6nd cammercia] nilnenia. and liow loidenllfr ihemwhenlhey arelound.atelhile 

Glnla la uhleb utenlioii ii diceeied. The author hu manaited lo pack u much pnctlcal diul 
I pages at would supply oiaterlil lora booVi ibree llinex lu aUe."— Mining Jenmal. 

THE METALLURGY OF SILVER. 

A Practical Treatise on the AmalEan'alion, Roasting, and Lixivialioo of Silver 
Ores. Including ihe Assaying, Melting, and Befjning of Silver Bullion. By 
M. ElssLBR. M.Insl.M M. Third Edition, Crown 8vo. cloth . . lO/fl 
-The »a(l> will supply a luiiit fell want uuoursi practical nieii, and al ihe Hme lime be of value 
10 students and oiheri (ndlrectly connected with the Induitrics."— Mining Joarnal, 

THE HYDRO-METALLURGY OF COPPER. 

Being an Account of Processes Adopted in the Hydro- Metallurgical Treatment 
of Cupriferous Ores, including the Manufacture of Copper Vitriol. With 
Chapters on the Sources of Supply of Copper and the Roasting of Copper 
Ores. By M. Eisslhr. M.lnsl.M.M. 8vo. clolh . . . . Ntl 12/r 

detailed. Costs arc given when available, and a «real dcal''of uieftil Infnimation about the coppe 
Induilry of Ihe world is presented <n an interesting and Bttraclicd DiannEr,-'-,W>iifn;/iwnuf, 

THE METALLURGY OF ARGENTIFEROUS LEAD. 

A Practical Treatise on the Smelting of Silver-Lead Ores and the Refining of 
Lead Bullion. Including Reports on various Smelting Establishments and 
Descriptions of Mtxlem Smelting Furnaces and Plants in Europe and America. 
By M. Eissi-BR, M Inst.M.M . Author of '■ The Metallurgy of Gold," &c 

Crown Svo, 400 pp.. with i8j Illustrations, cloth 12/0 

" The numerouE malallui^cil proceasea. which are fully and eilcnilvely treated of. embrace all the 

METALUFEROUS MINERALS AND MINnviG. 

By D. C. Davies.F.G.S. Sixth Edition, thoroughly Revised and much Enlarged 
by his Son. E. Henrv Davies. M.E.. F.G.S. 600 pp.. with 173 Illustrations. 
Large crown Svo, clolh Nit 19/6 

■■ Neither the practical miner nor the general reader, InterMted In mines, can bl»e a better book 
for hit companion and his guide,"— Mixtng Jen mal. 

EARTHY AND OTHER MINERALS AND MINING. 

By D. C. Davies, F,G.S„ Author of "Metalliferous Minerals.- &c. Third 
Edition. Revised and Enlarged by his Son, E. Henkv Davies, M,E., F.G.S. 
With about IQO Illustrations. Crown Svo, cloth , . . 12/S 

"Wvdonol rememher to have met with any Enellsh work on miDliw natters thai conolr- '*-- 
same amouni of Inronnation packed in equally convenleni fotm.-—Ac»i4Ky. 

BRITISH MINING. 

A Treatise tin the History, Discovery, Practical Developmctil. and Putur« 

Prospects of Metalliferous Mines in the L'nited ICingdom. By Rosent HDsrt, 

F.R,S., late Keeper of Mining Records. Upwards of 950 pp,, with 230 Ulusira. 

Second Edition, Revised. Super-royal Svo, cloth . fiS "" 




POCKET-BOOK FOR MINERS & METALLURGISTS. 

ComprisiDB Rules. Formula?. Tables, and Nolea, (or Use in Field and Office 
Work, By F, Dawers Power, F.G S., ME. Second Edilion. Correcled 

Fcap, 8vo. leather 9/- 

"Th<sci»neni book i« an admimble eiampleof U9.1i[ni]. nnd oughi la find ■ lu|e tile unaBgai 
KngUah-speafcing prospeciorg and mining rnglnoen."— £lijinM»i>IJ. 

THE MINER'S HANDBOOK. 

A Handy Book of Reference on the subjects of Mineral Deposits, Mining 
Operations. Ore Dressing. &c. For the Use of Students and others interested in 
Ujhid^ matteis. Compiled by John Milmb, F.R.S., Professor of Mining in the 
Imperial University of Japan, Third Edition. Fcap. 8vo. leattier 7/6 

IRON ORES OF GREAT BRITAIN and IRELAND. 

Their Mode of Occurrence, Age and Origin, and the Methods of Searcliing for 
and Working them. With a Notice of some ol the Iron Ores of Spain. By 
J. D. Kendall, F.G.S., Mining Engineer. Crown 8vo. cloth . . 18/- 

MDME DRAINAGE. 

A Complete froclical Treatise on Direct-acting Underground Steam Pumping 
Machinery, liy Stephen Michell. Second Editioo, Re-written and Enlat^ed. 

With 250 ItlustratioDs. Royal 8vo, cloth Nit 3B/- 
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lCTRICITY as APPLIED TO MINING. 

Abnold Lupton, M.Inst.C.E., M.I.M.E., M.I.E.E., late Professor of Cool 
^fining at the Yorkshire College. Victoria University, Mining Engineer cmd 
Colliery Manager: G- D. AsP[nai.l pAftn. M.I.E.E., A.M.I.M.E., Associate of 
tbe Central Technical College, City and Guilds of London, Head of tbe 
Electrical Engineering Department, Yorkshire College, Victoria University* 
and Herbeht Fehkim, M I.M.E., Certificated Colliery Manager. AwlstMit 
Lecturer in the Mining Departmentoflhe Yorkshire College. Victoria University. 
With about 170 Illustrations. Medium Svo, cloth .Nit O/- 

COLLIERY MANAGER'S HANDBOOK. 

A Comprehensive Treatise on the Laying-out and Working of Collieries, 
Designed as a Book of lieference for Colliery Managers, and for the Use of 
Coal-Mining Students preparing for First-class Certificates 3y Caleb Paubly, 
Mining Engineer and Surveyor; Memtier oi the North of England Institute of 
Mining and Mechanical Engineers : and MemlJer of the South Wales Institute 
of Mining Engineers. With over 1,000 Diagrams, Plans, and other Illustrations. 
Fifth Edition, Carefully Revised and Greatly Enlarged. 1 .200 pp. Medium gvo, 

cloth [JasI PnhUihtd. Net £1 B*. 

icH TOt Cdal.— MiNinAi, Leasbb ako oTHiii Holdikos.-Smait Siimiiio.— 



>US QUBBIIOKB A»0 Al.»*«S.-^/.^«iB .■ 

^ _ ..-, ._ .nirpoflfl for wbkh It Is intended — betng clBftr, 

laterallBg, ubauillvi-, lich in detail, and up 10 date, eiiliie dcKrlpttani of tbe lii«i mublim in Every 
d^utDKiiL A mining engineer could tcaicely go wrong who followed Ibii work,"— Coflrny Guardiam. 

" Ur. Pomely faxx not onif given ut > compnlicntive refenulcfl bnok of a VEry blgti oiiUir. loltal^ 
to the requlmnenti of mlnbig euglncEn and colliery manngen, but bu alio piovldeJ niluing smdenti 
witb a elaa-b<Htk ibai i< as IniensUug as il Is iDllmoliTe."— CoNJOT Managit. 

" This ii (bs uioil complete ' all-roond ' work on ooal-mlning publislied in tbo English language. 
, . . No library ofcoal-ml^tboeki Is ciHnpl«ewtihDUIIt.'--^i>fii<'r£>>gi>>iir(Scanion, I^, U.sX). 



CROSBY LOCKWOOD &• SON'S CATALOGUE. 



PRACTICAL COAL MINING. 

An Eteinenlary Class Book for the use of Sludents preparing for Ihe Examioa- 
bons of the Board of Educaiion and for Colliery Manager's Certificates, by 
T. H.CocKls, MiniDK Engineer, Lecturer on Coal Mining at University College, 
Sheffield. Crown Svo, 450 pages, with 300 lilustralions. 

{Nearly Riady. Prat aimit 4/B Na. 

COLLIERY WORKING AND MANAGEMENT. 

Comprising the Duties of a Colliery Manager, the Overeighl and Arrangemeiit 

of Labour and Wages, and the diCferenC Systems of Working Coal Seams. By 

H. F. BuLMAH and R, A. S, Redmayne. ^50 pages, with 28 Plates and other 

Illustrations, including Underground Photographs. Medium Svo, cloth . 15/- 

"Tbla ll, iiicl«d. in idmlrabtc HiiullHwk tiic CrXlieij Muuigcil. In fasl. Ii l> an lodilpniBble 

■dianu 10 ■ Colliery Uanicer'i tducatlan. u well at b«lnga miHl uiefu) and ImerutinK wark dd the 

nibit«t for all wbg in uiy vaj have 10 da with caal mining. The nndergcouod pbowiraphi an an 

■ItncUvelealureorihe work, being T«|>lire-Jlke and neceuarily inie repracauUona of the lecBO 

ibejr dopta."— CaUtfOp Ciurduii. 

" HI. Bolman and Mr. Redma^ne are 1« be conjiralulaled on having luppUed »■• •■■■IiArI>i>l<» 
work dealldK wllb ■ side of (be (ubwcl of coal (nlnlng whldi has hilherio leulved bgi 1 
The illMMratlons »e «cellenl.-'-Jtf*nir(. 

COAL AND COAL MINING. 

By the laie Sir Wahinctom W. Smyth, M.A.. F.R.S. Eighth Edition. Hevised 
ftnd Eiiended by T. FoRf^TER Bhown. Chief Inspeclorofibe Minesol the Crown 
and of the Duchy of Cornwall. Crown 8vo, cloth "'"" 

principal meibods ol working, tbe book will doublleu Inieceii i very large number ol readen." — 

NOTES AND FORMULA FOR MINmG STUDENTS. 

By John Herman Merivale. M.A., Late Professor of Mining in the Durham 
ColleRe of Science. Newcastle-upon-Tyne. Fourth Edition. Revised and 
Enlarged, by H. F. BoLUAV, A M.Inst C E. Small crown 8vo. cloth 2je 

'• Tbe aiiibor ha? done bit work In a creditable mannf^r, and hai produced a book Ihal will be af 
fen'lce 10 Sludenis. and ihoie who are pracilcally engaged In mining operalioni."— Engimar. 

INFLAMMABLE GAS AND VAPOUR IN THE AIR 

(The Detection and Measurement of). By Frank Clowes. D Sc.. Lond.. F.I.C. 

■■■ ■ ~' - _ ^^ MEASUkEME 

;rown Bvo, clot 

- -. - - - ..asubitcinfm... 

benilon and con turn oiui)' good Ihlngi."— TAi EngxHitr. 

COAL & IRON nroUSTRIES OP THE UNITED KINGDOM. 

Comprising a Descriptiun ol the Coal Fields, and of Ihe Principal Seatnsof Coal 
with Returns of their Produce and its Distribution, and Analyses of Special 
Varietie! Also, an Account of the Occurrence of Iron Ores in \'eins or Seuns ; 
Analyses of each Variety : and a History of the Rise and Progress of Fig Itoq 
Manufacture. By Richard Mbade. Svo. cloth .SI Sb 

" A book of reference which no one enneed in ihe Iron oi coal Irsdei ihauld emll (rem bll 
library."— Inm and Coal I'fBilii KitHw. 

ASBESTOS AND ASBESTIC. 

and Use, By Robert H Jokes. F.S.A.. 
BSios Club. Black Lake. Canada. WllK Ten 

sirations. Demy Svo, clolh 
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GRANITES AND OUR GRANITE INDUSTRIES. 

By Ueohoi; F, Harris, F.G.S. With Illustrations. Ctown Svo, cloth . ai6 

TRAVERSE TABLES. 

For use in Mine Surveying, By WiLLiAM LiNTEBN. C.E, Wiih two Plates. 
Small crown 8vo, cloih .\'il 31' 
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ELECTRICITY. ELECTRICAL ENGINEERING, ^c. 



ELECTRICITY. ELECTRICAL ENGINEERING, 
ETC. 



THE ELEMENTS OF ELECTRICAL ENGINEERING. 

A First Year's Course for Students. By Tvson Sewell, A.I.E E., _ Assistant 
Lecturer and Demonstrator in Electrical Engineering at the Polytechnic, Regent 
Street, London, Second Edition, Revised, with Additional Chapters on 
Alternating Current Working, and Appendix of Questions and Answers. 
4JO pages, with 374 Illustrations. Demy 6vo. cloth [/■"' Published. Nit TjB 



EHIKt or POTCHTUL 



'■One of Ihe tial tnoks tot ihow commencing >be study of electrical EnKlnerrlng. EverytlilnK 
ii eipUlned in simple Uncage which even 11 beKl'iaer cannot fall 10 uniicr&iand."— ^oe'imr. 

t Kudeou the kncwledge and Infornjallon Ihc^lniHi rHjuIre,"— jVdIun. 

^CONDUCTORS FOR ELECTRICAL DISTRIBUTION. 

Their Materials and Manufacture, The Calculation of Circuits. Pole-Line Con- 
slnjction. Underground Working, and other Uses, By F, A. C. Pehrine, A.M., 
D.Sc. ; formerly Prt>fessor of Electrical Engineering. Leland Stanford, Jr., 

University; M.Anier.LE.E. 8vo. cloth Ntl 20/- 

CoKDUCTaii Materials— Alloved Conductoh^-Mi.hi.'Iactuu or Wibe— WxE-FiHiaKixs- 
WtM Ibsuultion— Cables— Calculation o^ Ciscl-itb— Kelvin's Law oi" EcoBouv in Cohduo- 

riHC CUDREHT CaLCULATIOK— OVEKHIAD Lmit— 
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S WIRELESS TELEGRAPHY. 

Its Origins, Development. Ini*entior 
Sewai-l. With 85 Diagrams and III 



, and Apparatus. 

Demy ovo, cioi. 
[Just Pubhilu 



By Charles Henrv 
■o, cloth 

Nil 10/6 



lARHATURE WINDINGS OF DIRECT CURRENT DY- 
NAMOS. 

Eileoslon and Application of a Genera! Winding Rule. By E. Arnold, 
Engineer. Assistant Professor in Elect rotechnics and Machine Design at the 
Riga Polytechnic School. Translalcd from the Uriginal German by Fra.scis 
B. De Gres.s. M.E., Chief of Testing Department. Crocker- Wheeler Company. 
With (46 Illustralions, Medium Svo, cloth Ntt 12/- 

f ELECTRICITY AS APPUED TO MINING. 

By Arnold Lupton. M Inst.C.E.. MIME, M IE E . late Professor of 
Cool Mining at the Vorlishire College, Victoria University. Mining Engineer 
and Colliery Manager ; G. D. Aspinall Pahb. M.IE.E.. A.M.I.M.E.. 
Asstx:iaie of the Centra! Technical College. City and Guilds of London, Head 
of the Electrical Engineering Department, Yorkshire College. Victoria Univer- 
rity: and Herbert Perkin. MIME., Certificated Colliery Manager, 
Awiitant Lecturer in the Mining Department of the Yorkshire College, Victoria 
University. With about 170 Illustrations. Medium 8vo, cloth . Ntt >/• 

iNTaODUCTDHV^DrNAUIC ELECTEICITV.— DitlVtHO or THE DiHAHO.— The Stcau Tuibikk. 




CROSBY l.OCKtfOOD &• SO/fS CATALOGUE. 



DYNAMO. MOTOR AND SWITCHBOARD CIRCUITS J 

FOR ELECTRICAL ENGINEERS. 

A Praclical Book dealing «itli t be subject of Direct, ATiernatin^ and Polyphas 
Currems. Bv WiLLiAV R. Bov-KER, C.E.. M.E., E.E,, Consiilling Tramway I 
Engineer Svo. clotli .Jnst PHblishtJ. Nil 9/- 

DYNAMO ELECTRIC MACHINERY i ITS construction. J 

DESIGN, AND OPERATION. 

By Saml-hl Sheluon, AM. fhD. Professor of Physics and Eleciriol I 

Eagineering si the Polytechnic Instiiuie of Brooklyn, Assisted by Hmum I 

Masoh. B S ■ 

In (un Bolmma. sold ufarattly. (xsfolleat :— 

Vol. 1— DIRECT CURRENT MACHINES. Third Ediiion. Revised. Large 1 
Crown 8vo, 2S0 pages, with 300 IHustralions . NH Ifl/- | 
Vol. II,-ALTERNATING CURRENT MACHINES. Larse Crown Svo. 
i5o pages, with i8j Illustrations Nrt la^ 

Dniftned us Trttboolis for u» In Tcchniul Eduuiional In.tiJIuUanL and hy En^arrn wboie 

work IncJiI'lH Ifar handlllli! of VllKl and AII<:iTi;i!lii|; Cuirrul MuehlnirS rispecltvcly, and fee I 

ELECTRICAL AND MAGNETIC CALCULATIONS, 

For ihe Use of Electrical Engineers and Artisans. Teachers. Students, and all 
others interested in ibe Theory and Application of Electricit}; and Magnetism. 
By A. A. Atkinson. Professor of Electricity in Ohio University. Crown 8to, 
cloth Ntl B/- 

SUBHARINE TELEGRAPHS. 

Their History. Construction and Working. Founded in part on WrNScmii. 
DOKFP's "Traill do Teleerapbie Sous Marine," and Compiled from Authoritative | 
and Exclusive Sources, By Charles Bkight, F,R,S E .A.M Insl.C.E , M.I.E.E. } 

780 pp,. fully illustrated, including Maps and Folding Plates. Royal Svo. clolh. 
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THE ELECTRICAL ENGINEER'S POCKET-BOOK. 

Consisting of Rules. Formula, Tables, and Data, By H, R. Kbmpe. 
M.I.E E , A Mlnsl.C E, Technical Officer. Postal Telegraphs, Author of 
"A Handbook of Electrical Testing." Ac, Second Edition, Thoroughly Revised, 
with Additions. With numerous Illustrations, Royal 33010, oblong, leather B— 
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POWER TRANSMITTED BY ELECTRICITY. 

And applied by Ihe Electric Motor, including Electric Railway ConstructiOD. 
By P. ATKTNiiov, A.M., Ph.D. Third Edition, fully Revised, and New Matter 1 
added. With 94 Illustrations. Crown 8vo. ctoih . . . . NX ftu ] 

DYNAMIC ELECTRICITY AND MAGNETISM. 

By Philip Atkinson, A.M.. Vb D , Author of ■■ Elements of Sialic Electridw." ] 
*C. Crown Svo, 417 pp,, with 120 lllustral ions, clolh .... 1010 I 



ELBCTRICITY. ELECTRICAL ENGJNEEfllXC. b-c. 



THE MANAGEMENT OF DYNAMOS. 

A HandybooL of Theory and Praclice for the Use of Mechanics. Engineers. 
Students and others in Charge of Dynamos. By G. W. LUMMIS-PATBRSON. 



Third Edition, lievised. Crowi 
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THE STANDARD ELECTRICAL DICTIONARY. 

A Popular Encyclopedia of Words and Terms Used in ihe Praclice of Eleclrical 
Engineering, Containing upwards of 3,000 Definilions. By T. O'CoNOR SloaMk, 
A.M., I'h.D. Third Edition, with Appendix, Crown 8vo. 6go pp., 390 
lUusiraiions. cloth . . . Ntl 7/6 

"Tin work lia$ many aiirieilve icaiiites in li, and Is. beyond doubl. t wtll pm lofelhcr »nii imefbt 
pabUnUOD. The unsunt of cround covered may be e>Ih«ed tcoia the lul Ehatln the iodei aboul 
Sjxoretataca wltl be tcaadr^EUclrical Rniiv. 

ELECnUC UGHT FITTING. 

A Handbook for Working Eleclrical Engineers, embodying Practical Notes on 
Installation Management. By J. W, Urq^thart. Electrician, Author of "Electric 
Ijgbl,- &c. With numerous II lustrations. Third Edition, Revised, with 
Additions. Crown 8vo. cloth . B/- 

—lUt TDluma deals wUb ibe mechanics cf eleclrlc ilghllne. and is addreued to men who aie 
k, ar ate italiilne (or II, The woik traverm a gieaT deal □( ground, and 

, . ibe author's uaefiiiwDrli on 'EleclrloLlghl."-—£7«(r«iBfi. 

ELECTRIC LIGHT. 

Its Production and Use. Embodying Plain Directions for the Treatment o( 
Dynamo- Electric Machines. Batteries, Accumulalors. and Electric Lamps. By 
J. W. Urqcsabt, C.E. Siith Edition. Enlarged. Crown 8vo. cloth , T/S 
"Tbowhole^groundofeLeclrlcllghllngiitnorEoc leu CQveted and ciplalncd In a veiy clear and 

DYNAMO CONSTRUCTION. 

A Practical Handbook for tlie Use of Engineer Constructors and Eleclricians-in- 
Cbarge. Embracing Framework Building, Field Magnet and Armature Winding 
and Grouping. Compounding, Ac, By J. W.' Urqdhaht. Second Edition, 
Enlarged. With 114 Illustrations. Crown 8vo. cloth , - . . 7(6 
■'Hr. Urquhoil't book ts Ihe fitsl one which des:i with [heic mailers In such a way Ibat the 






IS by re 



n^bly simple I. 
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ELECTRIC SHIP-LIGHTING. 

A Handbook on the Practical Fitting and Running of Ship's Eleclrical Plant. 
For the Use of Shipowners and Builders. Marine Electricians, and Sea-going 
Engineers-in-Cbarge, By 1. W, Urquhart. C.E. Second Ediiion, Revised 
and Extended, With SS Illustrations, crown 8vo. cloth . . . TJ6 

■Thembjenofshipulocirlcli.htlnalsoncof vast Imponance, andMr. Utqnhatlls 10 be highly 
>limeiitedfDr placing such a valuable work at ihe service of marliie eieclrlclaai.'-— 17i(.i'lu>uMp. 

ELECTRIC LIGHTING (ELEMENTARY PRINCIPLES OF). 

By Alan A. Campbell Swinton. M Inst.C.E,, M.l.E.E. Fifth Ediiion. 
With 16 Illustrations. Crown 8vo, ctolh ... 1/6 

ELECTRIC LIGHT FOR COUNTRY HOUSES. 

A Practical Handbook on the Erection and Running of Small Installations, with 
Particulars of the Cost of Plant and Working, By J. H. Knight. Third 
Ediiion, Revised. Crown Svo, wrapper 1/- 

HOW TO MAKE A DYNAMO. 

A Practical Treatise for Amateuri. Containing Illuslrations and Detailed 
Instructions lor Constructing a Small Dynamo to Produce the Electric Light. 
By Alfred Crofts. Sixth Edition. Revised, Crown 8vo. cloth . 2/- 

THE STUDENT'S TEXT-BOOK OF ELECTRICITY. 

By H, M.NOAU, F.R.S. 650 pp.. with 470 Illustrations. Crown 8 vo. cloth. 9/> 
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ARCHITECTURE, BUILDING, ETC. 

SPECIFICATIONS IN DETAIL. 

By FnASK W Macbv. Arcbilecl. Aulhor of ■■Conditions of Contract." S«ca(i 
Eclitioii. Revised and EnlBrged. coDlainiDg 644 Pages and 2.000 nlnstratiOD 

Royal Si-o. clolh [JfH Pmiliiiid. Xtt JH, 

Sdhmabv or Contents. 

FEciFictTioa WuTWa. Thi Oidu o* t. Sma 
ran mou a SnririuTioHX— Fmii op Outu 

or Womii AHO Ljit or Gubiui. CoSBmoiis, 

B Siuninio jtaD Hovst BaEikEUj. — Oiaii - - - 



< CnCLDDUIG CcwcitETS FuHits. RooTK, Snov* ' 



, . _ —.0 OTHn WiLLtvo, Sri 

W&Tn Wmii* Stouce Tahi*. Fouittaiiis, Fn.TEiti. Taiiu Conji ahd Fiuvcz).— Uasoh. 

Sunt UatoHl-— TiLU.— Si 

Wmi WoH). — Zntcwoaui. — torriBSHiTu. — injurmn. — tiiHiTniL — luujiufOi 

Cuinii.— PiMiiT>i.~-P«nitHuaEii. — GmuL REruu ub Ai.TiluEloSi. — VaiiTIi.tTi 

PRACTICAL BUILDING CONSTRUCTION. 

A Handbook (or Students Preparing for Eiami nations, and a Book of Refel , 

for Persons Engaged in Buiidicg. By John P.*kneix Ali.ex, Snrveyic 

Lecturer on Building Constructional the Durham College of Soenoe. " *— 

OD-Tyne. Fonrtli Edition. Revised and Enlarged. Medinm 8vo. 570 pages, wii 
over 1.000 Illustrations, cloth ... [JM PnWuJW. Nit 7j 

"Hie mou comp1«lF «p«hioo of boJtdini: CDOHmciiiin wt ii\c teta. ll eont^nt all Ifau 
DCCeiBrT ufiicpuc siiidems for Ilit Tmoiii tuminJaomlD buUdtin cenHrnellan."— fluJMiiie Nt» 
"The auiliiK depends neuli as much on hit dtagnmi u do tds tjpn. The p^a mi«eu (I 
band oT a nun of eipcilcnce la bnUdkiK openuioBt— and Ibe volume nms be a Meating id mal 

PRACTICAL MASONRY. 

A Guide lo the Art of Stone Cutting. Comprising the Construction, SetliDg-onl 

and Working of Stairs. Circular Work. Arches. Niches. Domes. Pendentive^ 

Va.nlls. Tracery Windows, &c, ; to which are added Supplements relsitiilg 

Masonr)' Estimating and Quantity Survej'ing. and 10 Building Stones i 

Marbles, and a Glossary of Terms.' For the Use of Students, Masana, i_ 

Craftsmen. By William R. Pckchase. Building Inspector to the Borough 

Hove. Fifth Edition. Enlarged. Royal Svo. ai6 pages, with 52 Lilhogrxpfaie 

Plates, comprising over 400 Diagrams, doth . [/•'Sl Publisiiiti. "' ""* 

■■The boak ll a pruilcal tieaiJw on ihc i>Dbj«i. Uw aulhor binuelf having cwii 

^KtaUTc muoh. and afieiwardt acted as foremao mauHi on manir tarjtc and iiDponanl 1 

10 Ihe altalnmrni ol bli preuni pculUon. Mou a[ ibc eiamplei etven arc bom acraal 

oui. [I bbould be fouod of general utlllly to anhUeciural Hndenu and olberc. as well 

whom ll is >pecialJ:r addresed."~./(ni>wl 0/ tlu Rtyai InUituU aj Briitsh A nkiUclt. 

MODERN PLUMBING. 

STEAM AND HOT WATER HEATING. 

A New Practical Work for the Plumber, the Healing Engineer, the An^iCecb 
and the HuiUier. By J. J. 1-awlek. Aulhor of "AmeticaD Sanitary Plumbing,'^ 
&•: With ;S4 Illustrations ard Folding Plates. 410. clotb ' Nit »|Jl 

HEATING BY HOT WATER, 

VENTILATION AND HOT WATER SUPPLY. 

By Walter Jones, M.I.M.E. jfo pages, with 140 lUustralions, Medium 8v> 
clolh 'JuiH^bldlud. Kit % 

CONCRETE! ITS NATURE AND USES. 

A Book for Architects, Builders. Contractors, and Clerks i>( Works. By GeokS 
L StTCLiFFE, A.R.l.B.A, 350 pages, with Illusitaiions Crown Svo.doth 7t 
"The autboFimisa diOcull subject In a ladd nunnei. Tbi 
!: e<jual1« useful as a uudeni's Kiiidi 
-•^ttiti o/f-' -'■ •-'-.■-■- 




ARCHITECTURE. BUILDING, b-c. 



KWOOD-S BUILDER'S PRICE BOOK FOR 1904. 

A Compcehensii'e l-lnndbook of Ihe Latest I'riccs and Dala for Builders. 
Arcbilecls, En^meeis. and Contractors. Re-conslrucled. Ife-written. and 
Creallv Enlarged- By Francis T. W, Mtller, aoo closely-printed pases, 

>s( P»M.sifd. -' 
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SURING AND VALUING ARTIFICERS' WORK 

She Sludecl's Guide to the Practice oi). Conlainine Directions far tailing 
incasiDns. Abstracting the same, and bringing the Quantities into Bill, with 
Tables of Constants for Valuation of Labour, and for the Calculation of Areas 
and Soiidiiies. Originally edited by E. Dobson, Architect With Additions by 
E. W. T*RN, M A. Seventh Edition, Revised Crown Svo. cloth . 7/6 

TECHNICAL GUIDE, MEASURER, AND ESTIMATOR. 

For Builders and Surveyors. Containing Technical Directions for Measurine 
Work in all (he Building Trades, Complete Specifications for Houses. Roads, (tad 
Drains, and an Easy Method of Estimating the parts of a Building collectively. 
By A. C. Beaton. Ninth Edition. Waistcoal-pocket size, ^ilt edRes . 1/8 

HOUSE-OWNER'S ESTIMATOR. 

Or, What will it Coat to Buiid. Alter, or Kepaic? A Price Book for Unpro- 

' " ■ People, as i*ell as the Archileciurai Surveyor and Builder, By I, D, 

Edited by F T, W. Miller, A.R.I.B.A, Fifth Edition, carefully 

Revised. Crown Svo, cloth Wei 3/8 

SPECIFICATIONS 

FOR PRACTICAL ARCHITECTURE. 

tA Guide to the Architect. Engineer, Surveyor, and Builder. Upon the Basis of 
I tbe Work by A. Bartholomew, Revised, Corrected, and greatly added to by 
( F. Rogers, Architect. Third Edition. Svo, cloth 18r 
■ "Oiw olLfae Iwokt wlib which every young architect muit be equipped."— .1 rr/iit/fr. 
ARCHITECTURAL PERSPECTrVE. 

The whole Course and Operations of the Draughtsman in Drawing & Large 
House in Linear Perspective. Illustrated bv ^j Folding Plates. By F. O. 

Ferguson. Third Edition. 8vo, boards "..,,. 3/8 

" ll b Ihe lUDSI InldllKlblc of 1b? treatises on lhl& lll-lrcalcd iuUlid ihjt 1 hjvu niei wiib."- 

PRACnCAL RULES ON DRAWING. 

Forlhe Builder and Younj; Student ill ArchilecLure By G. Pvne. 4to . 7/8 

THE MECHANICS OF ARCHITECTURE. 

A Treatise on Applied Mechanics, especially Adapted to the Use of Architects. 
By E, W. Tahh, MA., Author of "The Science of Building." &c. Second 
Edition, Enlarged. Illustrated with 125 Diagrams. Crown Svo, cloth . 7/0 

r HANDY BOOK OF VILLA ARCHITECTURE. 
Being a Series oi Designs (or Villa Residences in various Styles. With Outline 
Specifications and Esliroales, By C WicKEs, Architect. Author of "The Spires 
andTowersofEngland."a:c. 61 Flates.4to, half-morocco, ^iltedi^es £1 lls.Bd. 

DECORATIVE PART OF CIVIL ARCHITECTURE. 

By Sir William Ch*mbehs, F K S, With Portrait, Illusiraiions. Notes, and an 

Examination of Gkecian Architectvbe, by JobEPH Gwilt, F S A. Revised 

_ and Edited by W, H. Leeds. 66 Plates. 410. cfolh . . 31,- 

; ARCHITECT'S GUIDE. 

It-book of Useful Inlormalio 
1, Clerks of Works, Ac, fi.c. 



CROSBY LOCKWOOD &• SON'S CATALOGUE. 

SANITATION AND WATER SUPPLY. 



THE PURIFICATION OF SEWAGE. 

Being a Brief Accuunt ol the Scientific Principles of Sewage Purificilioo, a 
their Praclical Application. By SlONEV Bakwise, M.D.ILond.). B.Sc, M.R.C.5., \ 
D.P.H. (Camb), Fellow of Ihe Sanitary Instilulc, Medical Omcer of Health to 
the Derbyshire Counly Council, Second Edition, Revised and Enlarged, with I 
an Appendix on the Analysis of Seur^e and Sewage Effluents. With numeroua 
Illaslrationi and Diagrams. Demy 8vo, cloth . \_Juit Publiihtd. Ntt lO^S 
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THE HEALTH OFFICER'S POCKET-BOOK. 

A Guide lo Sanitary Practice and Law. For Medical Officers of Health. 
Sanitary Inspectors, Members of Sanitary Authorities. &c. By EdwaW) P. 
WlLLOUGHBV, M.D. (Lond), &c. Second Edition, Revised and Enlarged. 
Fcap. 8vo, leaiher . Nil 1019 

[1 InaU belDK succlncllv bul (uUy and uientlliBillv deill ^tb.'—Thi Labial. 

" We ricoinmcnd all Ihcw engaged In prscllcal sanjlary work lo (umisb ihsuiKlvei wllb ■ c 

WATER AND ITS PURIFICATION. 

A Handbook for the Use of Local Authorities. Sanitary Officers, and othen 
inlerested in Water Supply, By S, Rideal. D.Sc. Lend., RI,C, Second Editjoii. 
Revised, with Additions, including ntimeroiis Illustrations and Tables. Large 

RURAL WATER SUPPLY. 

A Practical Handbook on the Supply of Water and Construction of Waterworks 
for Small Country Districts, By Allan Gheenwell. A.M.I.C E . and W. JT. 

CoMHV, A M l.C.E. Revised Edition Crown 8 vo, cloth ... 

THE WATER SUPPLY OF CITIES AND TOWNS. 

By William Hcmbek, A.M,Insl C E., and M Inst M E. Imp, 4to, half-bounii 
morocco (Seepage,.) . . . W,< " " 

THE WATER SUPPLY OF TOWNS 

AND THE CONSTRUCTION OF WATER-WORKS. 

By Professor W K. Burton, AMlnst.C E, Second Edition, Rei-isad ud 
Extended, Royal Svo, cloth. (Seepage lo) . £1 Ba. 

WATER ENGINEERING. 

A Practical Treatisi; on the Measurement, Storage. Conveyance, and Utilisaljaa 
of Water fur the Supply of Towns. By C Slagg. A.M. Inst C.E, . ?/• 

SANITARY WORK IN SMALL TOWNS AND VILLAGES. 

By Chahles Slagg, A.M.Insl.C E. Crown 8vo, clolh . 3ji 

PLUMBING. 

A Text-Book to the Practice of the Art or Craft of the Plumber. By ,111 
BucHAN, Ninth Edition. Enlarged, with 500 Illustrations, Crown 8vo * 

VENTILATION. 

:l-Bocjk to the Practice of the Art of Ventilatinj! Buildings. By W, 



. Bdcuam, K.P, 






CARPENTRY. TIMBER. *-(. 



CARPENTRY, TIMBER, ETC. 



•■THE ELEMENTARY PRINCffLES OF CARPENTRY. 

A TTcalise »□ the Pressure and Equilibrium of Timber Framing. Ihe Resistance 
of Timber, and [he Construction of Floors. Arches, Bridges, Roots. Coiling Iron 

(and Stone v,iih Timber. Ac. To which is added an Essay on Ihe Nalnre and 
Properties of Timber, &c,, with Descriptions of Ihe kinds of Wood used in 
Building ; also numerous Tables of the Scantlings of Timber for different 
purposes, the Specific Gravities of Materials, &c. By Tbohas Treixiold. C.E. 
Willi an Appendix of Specimens of Various Roofs of Iron and Stone. Illustrated, 
Seventh Edi lion, thoroughly Revised and considerably Enlarged by E.Wvwl^HA^^ 
Tuis, M.A., Author of "The Science of Building." &c. With 6l Plates,- 
Portnul of the Author, and several Woodcuts. In One large Vol., dto, cloth. 
£1 5a. 
" Ot^( Id bf In FVciy archllcel's and ev?ry bulldFi's library,"— BnilJir. 
~ A mrkBibow moriDinenlal iicellence must compicndit whn-evci skilful carpcnlryli conoenied, 
■Blbor^ principlH are laihet CDnfinned ihan Impaired bf time. The addiiladal plain* are of gleal 
\ 
E 



WOODWORKING HACHBStERY. 

Its Rise. Progress, and Construction. With Hints on Ihe Management of Saw 
Mills and ihe Economical Conversion of Timber. Illustrated with Eiainples o( 
Recent E>esigii9 by leading English, French, and American Engineers. By M. 
Powrs Bale. A. M.Inst, C.E,, M.I, ME, Second Edition, Revised, with laree 



Additions, large crown Svo, 440 pp., cloth . 
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M MILLS. 

Their Arrangement and Management, and the Economical Conver 
ByM. PowisBals. A.M.lnst.C.E. Second Edition, Revised. Ci 



>n of Timber, 

iVD 8vo, cloth 

10/6 
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THE CARPENTER'S GUIDE. 

Or, Book of Lines for Carpenters; comprising all the Elementary Principles 
essenlial fur acquiring a knowledge of Carpentry. Founded on the lale Petbr 
N1CHOLS.0WS standard work. A New Edition, Revised by Abihdr Asrpitel. 
F.S.A, Together with Practical Rules on Drawing, by George Pvke, With 
74 Plates. 410, cloth £1 1S. 

A PRACTICAL TREATISE ON HANDRAILING. 

Showing New and Simple Methods (or Finding the Pitch of the Plank, Drawing 
ibe Moulds, Bevelling. Joinling-up, and Squaring the Wreath. By Gbonge 
CoLLlNGs. Revised and Enlarged, to which is added A Treatise oh Stair- 
BDlLDiNG, Third Edition. With Pistes and Diagrams. i2mo, clolh . 2J6 

■Will be found of pracilcal uiilUy in ihe Eicculion of ibis diffitull branch of jOlnery."— B«iU*f, 
'AlmiKI tverjr dlfficull (ibase of ihls souiewhal lolncaie lirancli of joinery a niucidilod by the aid 
aua aod eiptanaiory leiirrpresi."— f Bmilar* Gaum. 

CaRCULAR WORK IN CARPENTRY AND JOINERY. 

A Practical Treatise on Circular Work ot Single and Double Curvature. By 
Gbokge C0M.1NGS. With Diagrams. Fourth Edition, izmo. cloth . 2/6 
■■ An eiccltent c^iample of wh^il a book of Ihli kind should be. Cheap In price, clear in defialUon. 
■adpraeUiwlIn ihe nam plea •elecied,"—SiiiIifir, 

I THE CABINET-MAKER'S GUIDE 

TO THE ENTIRE CONSTRUCTION OF CABINET WORK. 
By RiCH*HD BiTWEAD. Illustrated with Plans, Sections, and Working Drawings, 
Crown 8va, cloth 2jS 
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HANDRAILING COMPLETE IN EIGHT LESSONS. 

On the Square-Cul System. By ]. S, Gouhthobp. Teacher of Geometry and 
Building Consiruclion at the Halifax Mechanics' Insiituie. With Eight Plates 
and over \y> Practical Exercises. 4to. clolh 3/A 

TIMBER MERCHANT'S & BUILDER'S COMPANION. 

Containing New and Copious Tables of (he Reduced Weight and Measaremeot 
o( Deals and Baltens. of all sizes, and other useful Tables for ihe use ojf 
Timber Merchants and Builders. By William Dowsing. Fourth Edition, 

Revised and Corrected. Crown 8vo, clolh ~' 
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THE PRACTICAL TIMBER MERCHANT. 

Being a Guide for the use o( Building Contractors. Surveyors, Builders, 4__. 
comprising useful Tables for all purposes connected with the Timber Trad& 
Marks of Wood, Essay on the Strength o( Timber, Remarks on the Growth tk 
Timber. &c. By W. Richardson. Second Edilion, Fcap. 8yo, cloth . 
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PACKING-CASE TABLES. 

Showing the number of Superficial Feet in Bo 

inches square 'and upwards. By W. Richai 

Edition, Oblong 4I0, cloth 

" Invaluable Ubour-uvinR i.liles."— /rDHmoN^ff. 
"Will Biv<Mdi]cli labour and Ga1cu1allon."—G'oi:i'. 

GUIDE TO SUPERFICIAL MEASUREMENT. 

Tables calculated from i to zoo inches in length, by 1 to loS inches in breadth. 
For the use of Architects. Surveyors, Engineers, Timber Merchants, BuUdets, 

&c. By James Hawmngs, Fifth Edition. Fcap, cloth 

"Ttu» tablet will befountl oF great lasltuacelaall who require to nuke oalculalloni In sapat&cla) 

PRACTICAL FORESTRY. 

And its Bearing on the Improvement of Estates. By Charles E, Cofiis, 
P.S.I., Professor of I'orestry. Field Engineering, and General Estate Manage- 
ment, at the College of Agricullure, Downlon. Second Edition, Revised. 

Crown 8vo, clolh 3fS 

iis.-<lBjeei» Of Planiikd,— C«o - - 



_iTi.— L*y 

DjUtMAQE.- 



Cxou 



UKfull 









K FtAHTII 
I.-THEM 









l"— JUwIroMil Cmrfidir 



THE ELEMENTS OF FORESTRY. 

Designed 10 afford Information concerning the Planting and Care of Forest 
Trees for Ornament or Profit, with suggestions upon Ihe Creation and Care of 
Woodlands. By F. B. Hodgh, Large crown 8vo, cloth . . . 10/^ 

TIMBER IMPORTER'S, TIMBER MERCHANT'S. 
AND BUILDER'S STANDARD GUIDE 

By Richard E. Gbamdv. Compnsingi^An Analysis of Deal Standards. Home 
and Foreign, with Comparative Values and Tabular Arrangements for fixing Nei 
I.anded Cost on Baltic and North American Deals, including all intermMiata. 
Expenses, Freight. Insurance, &c, &c, : together with copious Information foT^ 
the Retailer and Builder. Thinl Edition. Revised. :2mo, clolh ~' 

" BTcrylhlng It pretends to be : buUlupMTadiullj.liEeadBDnefromj 
to,aB«iiukew«ip(li(.aboitofnnt— '-' 1—1.-1 ■ 




DECORATIVE ARTS. Sfc. 



DECORATIVE ARTS, ETC. 



SCHOOL OF PAINTING FOR THE IMITATION OF 
WOODS AND MARBLES. 

As Tauehl and Praclised by A. R Van oEr BnBG iriJ P Van der Buiio. 
Directors of the Rollerdam PaintinB Inslitution. Royal folio, iSJ by taj in.. 
lUuBlrated wilb 24 full-size Coloured Flates ; also iz plain Piatea. comprisini; 
154 Figures. Fourth Edition, cloth ..... Net £1 Bb. 



I. Vujous Tooi^ R 



FmiiutD Shi 



r^i, 




lUKM.— 2S, aih 10. Vb 

TSHID AMD TlxtSHE 


idkM«i. Max- 


ji. J3. Oui ; 


of minilne imodi a. 
Qtlcing Men's CIuIh 


d rt»rbl« will lin 


d>dY«iu«eln 
oimg DKii the 




nol be the 1«K 


"^r^a.'To^ 



W01 



ELEMENTARY DECORATION. 

A Guide to the Simpler Forma of Everj'day Art. Tc^elher with PRACTICAI, 



HOUSE DECORATiON 



s W. Facev, Wilh 



5/- 



lUSE-PAINTING, GRAINING, MARBLING, 

AND SIGN WRITING, 
A Practical Manual of. By Ellis A. Davioson. Eighth Edition. With 
Colounod Plates and Wood Engravings, Crown 8vo. clolh . . . B/- 
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DECORATOR'S ASSISTANT. 

A Modern Guide tor Decorative .\rlisls and Amateurs, Painters, Writers, Gilders. 
&c. Canlaiuing upwards of 6oo Receipts, liuleaand Instructions; with a variety 
of Information (or General Work connected with every Class of Interior aitil 
Exterior Decorations. &c. Eighth Edition. Crown 8vo . ■ 1/- 

■Pull ofrecciptiofvaluE 10 dccoralon, palmers, ffilders. Ac. The book cootalni (ha etalotlaieeT^ 
lui on colour ludrecbnleilproceuei. linautdbudiaculltomeet wliba weik (o lull of vtrie^l 



MARBLE DECORATION 

And Ibe Terminology of British and Foreign Marbles. A Handbook for 
Students. By Gbok&e H. Blaorovb. Author of " Shoring and its Application.' 
Ac. With 18 Illustrations. Crown Svo. clolh , 3/6 

jott OKfol and mucb named handbook ibould he Id ibe buds □( e 



3t CHOsar i.ocKwooD &■ sojvs catalogue. 

DELAMOTTE'S WORKS ON ILLUMINATION 
AND ALPHABETS. 

ORNAMENTAL ALPHABETS, ANCIENT & MEDIEVAL. 

Ftom ihe Kighlh Cenlurj-, with NuracralB; including Gothic, Church-Teit, lar^ 
and small. German, llatian. Arabesque. Initials for Illumination. Monograms, 
Crosses. &c , for the use of Archileclural and Engineering Draughtsnieii, 
Missal Painters, Masous. Decorative Painters, Lithographers. Engraven. Caiven, 
*c. Ac, Collected and Engraved by F. Delamotte, and Printed in Colours. 
New and Cheaper Edition. Royal Svo. oblong, ornamental boards 2/S 
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' MODERN ALPHABETS, PLAIN AND ORNAMENTAL. 

Including (lerman. Old EnglJih, Sa»OQ, Italic. Per3pectii-e. Greek. Hebrew. 
Court Hand, Engrossing, Tuscan, Riband, Gothic, Rustic, and Arabesque: with 
several Orieinal Designs, and an analysis of the Roman and Old English 
Alphabets, large and small, and Numerals, for the use of Draughtsmen, Sur- 
veyors, Masons, Decorative I'ainters, lithographers. Engravers. Carvers. Ac. 
Collected and Engraved by F. Deuamotte, and printed in Colours. New and 
Cheaper Edition. Royal Svo. oblong, omaraental boards . . 3/fl 

"Tbere It eoiDprib-d In ll ererT possible ihape knlo which the Icucn of (be alphabet lud numenl* 
can be formed, ana fbo talent wbKb has bera Ftpended tn tbe coueeplion of Ihe vul«u pLalo v' 

MEDUEVAL ALPHABETS AND INITIALS. 

By F. C. Delamoiie Containing ai Plates and Illuminated Title, printed 
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A PRIMER OF THE ART OF ILLUMINATION. 

For the Use of Beginners; vAX'ii a Rudimenlary Treati^ie on the Art. Practice 
Directions for its Exercise, and Examples taken from Illuminated MSS.. printet 
in Gold and Colours, By F. Dblamoitb. New and Cheaper Edition. Smal 

4I0, ornamental boards B,' 

"The EiamiileE of ancleni MSS. recommended «) the undent, which, wllb much eoodienie, tl 
author chooses from eoLlecUons ateetsible in all. are selMied wiih judgmeni and knowledge, as well , 

THE EHBROroERER'S BOOK OF DESIGN. 

Containing Initials, Emblems. Cyphers, Monograms. Omameotal Borders, 
Ecclesiastical Devices, Medixval and Modem Alphabets, and National Emblems. 
Collected by F. Delamotte. and prinlsd in Colours. Oblong royal Svo, 

ornamental wrapper Hit 2^ 

■■Till- honk will l».n(rr™iansisiaBee lo- ladlct and 701101 

irnuaenuL and uaeful pretty 



X. 



of pljlog (he needle In this oi 

WOOD-CARVING FOR AMATEURS. 

With Hints on Design, By A Ladv, With Ten Plalcs, New and Chea( 
Edttion. Crown Svo, in emblematic wrapper . 

Lady'5' publlcaUon,-— ^fAi-^K-i. 

PAINTING POPULARLY EXPLAINED. 

By Thomas Iohb Gdllick, Painter, and John Timbs, F.S.A. Including Fresco. 

Oil,Mosaic, water Colour. Waler-Glass. Tempera, Encaustic, Miniature, Fainting 

on Ivory, Vellura, Poltery, Enamel. Glass. &c. Fifth Edition. CrowriSvo.cloth 8^^^ 

',* Adopted as a Prtit booh at South Ktnsinglan. 

pamsal of ihu uDpreteadlng but comprdieiudire ircailH. — if ff/oanwl. 



NATURAL SCIENCE. &-i- 

NATURAL SCIENCE, ETC. 



THE VISIBLE UNIVERSE. 

Chapters on the OriRin and Construciion of the Heai-ens. By ]. E. Gore. 
F.R A S.. Author of - Star Groups," &c. Illustnled by 6 Sldlar Photographs and 
12 Flales. Demy 3vo, doth . . ,,.,.. 18/- 

STAR GROUPS. 

A Student's Guide to the Constellation a. By V Ellard GoHit, FR.A.S.. 
M.R_I A.,&c.. Author of -The Visible Umv«rso," "The Scenery of the Heavens."' 

ftc. 'With 3Q Maps. Small 4to, cloth ..... 8/- 

AN ASTRONOMICAL GLOSSARY. 

Or. Dictionary of Terms used in Asironomy, Wilh Tables oE Data and Lists of 
Remarkable and TntereBling Celestial Objects. Uy I. Ellard 13oiis, F.R.A.S.. 
Author uf The Visible Universe.- &c. Small crown 8 vo, elolh . 2/6 

THE MICROSCOPE. 

Its Construciion and Management. Including Technique, Photo-njicrography, 
and the Past and Future of the Microscope. By Dr. Hsnri vas HatiRCic. 
Re-ediled and Aiigmenled from the Fourth French Edition, and Translated by 
Wynne E. Baxter, F.G.S. Imp. Svo.clolh 18/- 

A MANUAL OF THE MOLLUSCA. 

A Treatise on Recent and Fossil Shells. By S. P. WoonWARD. A.L.S., F.G.S. 
With an Appendix on Recent and FoiisiL Conchqlogjcal Discoveries, by 
RAI.PH Tate, A.L.S.. F G S. With 23 Plates and upwards of 300 Woodcuts. 
Reprint of Fourth Edition (i83o). Crown 8vo, cloth , 7/B 

THE TWIN RECORDS OF CREATION. 



LARDNER'S HANDBOOKS OF SCIENCE. 

HANDBOOK OF MECHANICS. Enlarged and re-wr 



written by B. LoEWV. F.R.A.S. 

. . 6/- 

Edited by T. Olv£r Harding, 

8/- 

ELECTRICITY, MAGNETISM AND ACOUSTICS. Edited by Gbo. C. 

Foster, B.A. Small 8vo, cloih . , . . . S/- 

HANDBOOK OF ASTRONOMY, Revised and Edited by Edwim 

DtJNKlN. FR.AS. 8vo, cloth . . . . 0J6 

, Wilh upwards of i.zoo Ene:ravin^s. 
■r half-n: "' '^ 



NATURAL PHILOSOPHY FOR SCHOOLS .3/8 

ANIMAL PHYSIOLOGY FOR SCHOOLS ... .3/6 

n-ised by E. B, Bright, F.R.A S 



CROSBY LOCKJVOOD &• SDKS CATALOGUE. 



CHEMICAL MANUFACTURES, 
CHEMISTRY, ETC. 

THE OIL FIELDS OF RUSSIA AND THE RUSSIAN 
PETROLEUM INDUSTRY. 

A Fraclicil Handbook on (he Exploration. EiploilaliOD. and Management of 
Russian Oil Properties, including Notes on ihe Origin of Petroleum in Russia, 
a Description of the Theory and. Practice of Liquid Fuel, and a Translation of 
the Rules and Regulations conceminE Russian Oil Properties. By A. Beeby 
Thompson, A.M.l.M E.. tate Chief Engineer and Manager of the European 
Petroleum Company's Russian Oil Properties. About 500 pp., with numerous 
IlluslriLtiDits and Pbolo^apbic Plates, and a Map of the Balakhany-Saboontchy> 
Romany Oil Field. Super-royal 8vo. cloth. !/m( Publisktd Nil £S 3*. 

THE ANALYSIS OF OILS AND ALLIED SUBSTANCES. 

By A. C. Wright, M.A.Oxon., li.Sc.Lond., formerly Assistant Lecturer in 
Chemistry al the Yorkshire College, Leeds, and Lecturer in Chemistry at the 
Hull Technical School. Demy Svo. cloth Nrt »/- 

THE GAS ENGINEER'S POCKET BOOK. 

Comprising Tables, Notes and Memoranda relating to tbe Manafacture, 
Distribution and Use of Coal Gas and the Construction of Gas Works. By 
H. O'Connor, A.M. Inst. C.E. Second Edition. Revised. 470 pp., crown Svo, 

fully Illustrated, leather 10/a 

.,..-.._ v.. ,. . .,._, jjij, The aulhor gdes oodu«iillvely through lbs 

campUulDD of hard uiMlIen □( IiiU atootuieljp 
^' The To]um« conlaliu a grtBI qdanllE)' of ipedallsed Information, comi^lBd. wa beltcve, Cnim 
p1^^.'^£'ilS^«r ' °" e 11 o e em » oe to 1 ose or w om 11 U ipcdfi jr 

LIGHTING BY ACETYLENE 

Generators, Burners and Electric Furna 
With 06 lUusiralions. Crown Syu. cloth 
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ENGINEERING CHEMISTRY. 

A Practical Treatise for the L'se of Analytical Chemists, Engineers, Iron 
Masters. Iron Founders, Students and others Comprising Methods of Analysis 
and Valuation of the Principal Materials used in Engineering Work, with 
numerous Analyses, Examples and Suggestions. By H. Joshua Phillips, 
F.I.C. F.C.S. Third Edition, Revised and Enlarged. Crown Svo. 420 pp., 

with Plates and other Illustrations, cloth Nit 10/0 

"lolhlBwolkibEiimborhasrendertidnaiinalLwivlceloiinumfrausbodyofpracilejiliiien. . . . 

TbBwialj'Ilcal mclhod&DiBr bn proDaunG«I mosl ultifaclary, being u accurale u the dapalch required 

of niiillneerliigchcniitispeimlli."— C^HHKiII Utvs, 

■■ The' analy Ileal moEiiodi glvtn arc. as a whole, tnch as are Ulwly to give rapid and (mslwonhy 

letulls In eipcrlencEd hands, . . . There is much excellent descrtptlve muter In the work, Ibo 

chapier on ■ Oils and LubHcallon' being ipeelally uoliceable In tbli respect."— £•>£> Mr. 

NITRO-EXPLOSrVES. 

A Practical Treatise concerning the Properties, Manufacture, and Analysis of 
Nitrated Substances, including the Fulminates, Smokeless Powders and Cellu- 
loid. By P. Geralu Sanfohd. F.I.C, Consulting Chemist to the Collon 
Powder Company. Limited. &c. With III ustrat ions. Crown Svo, cloth . 9/- 

i.r-.---i.L r . 1 ,._ ._ _i.,_i t_ I , . I . , . ,^^ y^^ Sanftsrd rocs 

eiplotive and irlU us 
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A HANDBOOK ON MODERN EXPLOSIVES. 

A Practical Treatise on the Manufacture and Use of Dynamite. Gun-Colton, 
Niiro-Glycerine, and other Explosive Compounds, including Coliodioa-Cotton. 
With Chapters on Explosives in Practical Application. By M, Eisslbh, M.E. 

Second Edition, Enlarged. Crown Svo, cloth 13/S 

"A vcduble mine of Information on Ihe subject of exploilve* employed for miUiary, mlalBK and 
'~AnK!i SKJ Kavy GaaiU. 



A MANUAL OF THE ALKAU TRADE. 

Including ihe Manufaciure of Sulphuric Acid. Sulphate nf Soda, and Bleaching 
Powder. By Johv Lo«as, Alkali Maniifaciurer. Wiih 231 Ulnslraliona and 
WorMnf; Drawings. Second Edition, with Additions. Super-royal Svo, cloth. 

JBi Ida. 

** We find nol merel; abound and ]uminaiuui>lanBttoni>F:tift chemical prfuclpiuar the trade, but 
1 nollofl of ndtneroos mamrs which hav« a mnt Imporlant beortng oa the luocessfki! condiiot of 

DANGEROUS GOODS. 

Their Sources and Properties. Modes of Storage and Transport. With NolM 
and Commenis on Accidents aiiaing therefrom. A Guide for the Use of Govem- 
nenl and Railway Officials, Sleainship Owners, &c. By H. Joshda Puillifs, 

F.I C. F C.S. Crown 8vo. 374 pp., clolh O/. 

~MmI« j. wide tiremliUon and an InuiUgeui. appreciative uody"^CI,.mKul Kiws. 

; BLOWPIPE IN CHEMISTRY, MINERALOGY. Etc. 

Containing all known Methods of Anhydrous Analysis, many Working ExampUa, 
and Instructions for Making Apparatus. By Lieut. -Colonel W. A. Ross, R.A., 
F.G.S. Second Edition, Enlarged. Crown 8vo. cloth .... 5/- 

MANUAL OF COLOURS AND DYE-WARES. 

Their Properties, Applications, Valuations, ImpLirilies. and Sophistications. 
For the Use of Dyers, Printers, Drysallers, Brokers, Sc. By J. W. Sutsr. 
Second Edition, Revised and greatly Enlarged. Crown Svo, clolh 7/6 

" There l> no other work which coven prectKly (tie Hme nound. To students preparing lor 

. HANDYBOOK FOR BREWERS. 

Being a Practical Guide lu the .\r1 of Brewing and Malting. Embracing Ihs 
Conclusions of Modern l<esearch which iiear upon the Practice of Brewing. By 
Hbrbbrt Edwards WmiiHi, MA. Second Edition, Enlarged. Crown Svo, 

330 pp., cloth ia/B 

l> pnparlng bIcDKlF lor eiWDinitloDal 



FUELS! SOLID, LIQUID, AND GASEOUS. 

Tbtat Analysis and Valuation. For the Use of Chemists and Engineers. By 
H. J, Phillips, F.C.S., Formerly Analytical and Consulting Chetnisl to the 
Great Eastern Railway. Fourth Edition. Crown Svo, cloth . 2/- 

ARTISTS' MANUAL OF PIGMENTS. 

Showing their Composition. Conditions of Permanency, Non-Permaoeaey, and 
Adulterations. &c , with Tests of Purity By H. C. Standage. Third Edition. 
Crown Svo, clolh .... 2/6 



Pa POCKET-BOOK OF MENSURATION & GAUGING. 

Containing Tables. Rules, and Memoranda for Revenue Oflicers, Brewers, Spirit 
Merchants, &c. By J. B. Mant. Inland Revenue. Second Edition, Revised, 
iSmo. leather ... 4/> 
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INDUSTRIAL ARTS, TRADES AND 
MANUFACTURES. 



TEA MACHINERY AND TEA FACTORIES. 

A Descriptive Treatise on the Mechanical Appliances required in the Ciili 
of the Tea Plant and the Preparation of Tea lor the Market. By A. J. 
Taylek. a M Inst C.E. Medium 8vo, 468 pp. With 21S Illustrations. 
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FLOUR MANUFACTURE. 

A Treatise on Milling Science and Practice. By Fbibtjiiich Kick. Imperii 
Kegieningsratb, Professor of Mechanical Technolo^ in Ibe Imperial GermaiC 
Polytechnic Institute. Prague. Translated from the Second Enlarged and 
Revised Edition, with Supplement. By H I-I. P. Powles, Assoc. Membt 
Institution of Civil Engineers. Nearly 400 pp. Illnstraled with i" — " " 

Plates, and 167 Woodcuts. Royal Svo. doth 

"TUs Invaluable vork Is. and wilt mmJn.ilwwiindirdagthorll]' on IheidrmH oleiDllng. . . 
Tbe millet wbo hu leid and digalcd Ihli work wlD have takdthcroiindaiian.aaioipegk.afasucetial 
e*r«r; he will h*ve acquired ' nnmbet of Kcneial piUidplei whicli be can pioeeed u antlf. In (b 
bandxmie Tolume we al last bave the aecepIBl leil-book of modem mllUdc In good, aound BnelU 
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£1 Km^ 



in English I 
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Brlilifanilllenwlll.vl 



■■ The apwaranee of Ibi! celeli 

COTTON MANUFACTURE. 

A Manual of Practical Instruction of the Processes of Opening. Cardinf^ 
imhing. Drawing. Doublingand Spinning of CoHon. the Methods of Dyeing. ft& 
ir (he Use of Operatives, OverlooBers. and Manufaetarers. By John Listsk, 



Technical Instructor, Pendleton 8vo, cloth 



ir—Glaigffw Htnl4. 




MOTOR CARS OR POWER CARRIAGES FOR COMMON 

ROADS. 
By A. I. ■Wallis-Tavler. Assoc. Memb. Inst. C,E., Author of ■ 



^ oy A. J. ivAn 

^L Cycles,"^ £c. zi: 

^H "TbebDoklscleirlyi 

^H of lutnldg biB allenliDD ic 

^^^^ Dpetailani, — Safnttrmc 



Crown B\-o, clolh 
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PRACTICAL TANNING. 

A Handbook of Modern Processis, Receipts, and Suggeslions for the Treatment I 
of Hides, Skins, and Pells of every DescriplioD. By L. A. Fi.bhning, American ' 

. Tanner. 472 pages. Svo. cloth . ..... Ntt 25/- 

■THE ART OF LEATHER MANUFACTURE. 

P Being a Practical Handbuuk. in which Ihe Opcraiionsot Tanning, CurryinB, and 

\ Leather Dressing are fully Described, and the Principles of Tanning Explained, 

and many Recent Processes Introduced ; as also Methods for the Estimalioi] o^ 

Tannin, and a Description of the Arts of Glue Boiling. Gut Dressing, &c. By 

AtBX'NDER Watt. Fourth Edition, Crown 8«d, cloth 9/- 

•und, camprehpnilvc tri-iIlK on tannlni siid Ita acci-vigrie<. Tbe book Is ill cmli^nlly 

ART OF SOAP-MAKING. 

\. Practical Handlwok of the Manufacture of Hard and Soft Soaps, Toilet Soaps, 
&c. Including many New Processes, and a Chapter on the Recovery of 
Glycerine from Waste Leys. By At-eiUNosa Watt. Sixth Edition, including 
an Appendix on Modern Candlemaking. Crown 8va, cloth 7/6 

lioilM whn wisbes 10 niidersund ihB ihcorj of hla an.--C*«i««/ /Jib!. 

irPRACTlCAL PAPER-MAKING. 

A Manual for Paper-Makers and Owners and Managers of Paper-Mills, With 
" " - ■ ■ • 5^c By G. Ct-APPERTON, Paper-Maker, With Illus" 




of Fibres from Mic 



Crown 8vo. cloth 



ART OF PAPER.MAKING. 

A Practical Handbook of the Manufacture of Paper from Ua){s, Esparto. Straw, 
and other Fibrous Materials. Including the Manufacture of Pulp frotn Wood 
Fibre, with a Description of the Machinery and Appliances used. To which are 
added Details of I'rocesses for Recovering Soda from Waste Liquors. By 
ALEitANDEH Watt With Illusiraiions. Crown 8vo, cloth . 7/B 

ililh-silbjeot. Thelmoll Isfuilcf viliiablelntdnaatlOO. 

A TREATKE on PAPER 

For Printers and Stationers. With an Outline of Paper Manufacture ; Complete 
Tables of Siies, and Specimens of Different Kinds of Paper. By Richano 
Parkin&dn, late of the .Manchester Technical School. Demy 8vo. cloth 3/6 

CEMENTS, PASTES, GLUES AND GUMS. 

A Practical Guide 10 the Manufacture and Applicatiun of the various Aggluti- 
□ants required in the Building, Melal- Working. Wood-Working, and Lather- 
Working Trades, and for Worlishop and Office Use. With upwards of 90a 
Recipes. By H. C. Sianuace Third Edition. Crown 8vo, cloth . a/- 

THE CABINET-MAKER'S GUIDE 

TO THE ENTIRE CONSTRUCTION OF CABINET WORK. 

Including Veneering, M^rqueirie. liuhlwork. Mosaic, Iniaying, &C. By 
Richard BtTMEAH. lliustraieci «ilh Plans, Sections, and Working Drawings. 
Small crown Svo, cloth 3J6 

FRENCH POLISHING AND ENAMELLING. 

A Practical Work of Instruction. Including Numerous Recipes for making 
Polishes. Varni-ihes, G I a^e- Lacquers, Revivers, &c. By Richard Biihead, 
Author oE " The Cabinet-Maker's Guide." Small crown Svo, cloth 1/6 
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■WATCH REPAIRING, 

CLEANING, AND ADJUSTING, 

A Praclicat HaiKJbook dealing with the Malerials and Tooh Used, ud t_ 
Methods of Kepairins. Cleaning. Allering, and Adjusting all kinds of English am 
Foreign Watches, Repeaters, Chronographs, and Marine Chronometers. B; 
F.J.GAHRARu.SpringeraDdAdjusierof Marine Cbronometersand Deck WatctM 
for the Adroirally. Wilh o\-er aoo Illustrations Crown 8vo. doth. 

[Jusl FMishid. Ntl 

MODERN HOROLOGY IN THEORY AND PRACTICE. 

Translated from ihe French of Claudids Saunier, ci-Direclor of the School ol 
Horology at Macon, by Juliem Tkipplis, F.R.A S , Besani;on Watch Maaii< 
faciurer. and EnwABD Kioo. M.A., Assayer in the Royal Mini. With Seventy- 
eight Woodcuts and Twenty-luo Coloured Copper Plates. Second Edition 

Super-royal 8vo, £2 2a,. cloth; half-calf £2 lOa 

" Tbeie ii no hotoloKlca] work in Iha Engliih lincuBEC ml ill to br compued to thli production ol 

11. Siuiiler't fbc cIcacDns lod eomplelenen. Ir <s alike RODd at a guide for tbr iludeni and at 1 

rafergncefor Ibe experienced horoloKlil andiUIIIed workman,"— /raroIo^Kol Jon mal. ^ 

"The laiea. ibE didsi omnlEte. and the mott reliable of IhoK [lurary produciloiu 10 -__ 

bot. ihe Book of Books is M. Saunlcr-i -TreailM.' ■■—Wstchmakir.JiiettttT, and Stifmntilh. 

THE WATCH ADJUSTER'S MANUAL. 

A PraclicalGuidefor the Watch and Chronometer Adjuster in Making, Springing, 
Timing and Adjusting for Isochronism, Positions and Temperatures. By C. B^ 
Fhitts, 370 pp., with Illustrations, Svo, cloth , . . . 16/> 

THE WATCHMAKER'S HANDBOOK. 

Intended as a Workshop Companion for those engaged in Watchmaking and Iha 
Allied Mechanical Arts. Translated from the French of Claudius Saonier. ajid' 
enlarged by Jcubn Tbipplin, F.R.A.S , and Edward Rigg. M.A., Assayer in 
the Royal Mint, Third Edition, Crown Svq, doth .... 9* 
" Each pan \i truly a Iri^sIlM In lIHlf. Tbe arrang'-mcni M goad and the laogua)^ \s clear a 
sonclse. ll is an admliablc guide for ihe joung Kalchmaker.'— £nf w.irtnj. 

HISTORY OF WATCHES & OTHER TIMEKEEPERS. 

By James F. KESOAt.. M B.H Inst. 1(6 boards ; or doth, gilt 2j 
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ELECTRO-PLATING & ELECTRO-REFINING OF METALS, 

Being a new edition of Alexander Watt's " Electro-Depositios." Revised 
and Largely Kewriden by Arnold Philip, B.Scr, A I.E.E.. Friocipal Assistant 
lo the Admiralty Chemist, Large Crown 8vo, doth . . Nit 13/fl 

"Allogelhci Ihe work can be blpbly recomniEnded tg ever]' eleciro-plgwr, and Is of - - - 
" Emlaenlly a book for Ihe ptaclical worker In eleeiro-deppiliion. ll eomainspraeiical 1 

ELECTRO-METALLURGY. 

Practically Treated. ByAi-EXANDEi 
recent Processes, iimo. doth . 



Watt. Tenth Edition, including the ni 



. book bi 



y [or tbe 
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piDsccuIion of clectroplj 

JEWELLER'S ASSISTANT IN WORKING IN GOLD. 

A Practical Treatise for Masters and Workmen. Compiled from the Expeiienoa 
of Thirty Years' Workshop Praclice. By George E Gee. ~ " 

"This man. 
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ELECTROPLATING. 

A Practical Handbook on the Deposition of Copper. Silver. Nickel. Gold. 
Aluminium, Brass, Platinum. &c.. Se, By J. W. Uhbuhabt, C.E. Fourth 
Edition, Revised. Crown 8vo, cloth ..... . ~ 

"An eicellonf practical manual ."—EHgjB«fi>ir. 

. An Mcellenl work, gt»ing tile osweU latansaOaar—Horaltticil Journal. 



ELECTROTYPING. 

The Keproductlon and Muliiptication of Printing Surfaces and Works of Arl by 
the Electro-deposiiion of Metals. By J. W. Usqchabt, C.E, Crown 8vo, 

_cloih . . , . , B/- 

elffcrrlclfy, then Ibrough the meiala astA by «leertDiyppiB. th? apparatui. and Ehe drpotlMag pTDCdAefl, 
ap lo ihc fiaal pteparailan of the work-"— .Irt/oH'unJ. 

GOLDSMITH'S HANDBOOK. 

By George E. Geb. Jeweller, Ac, KKth Edition. lamo. dolh . 8/- 

■■ A good, wiind eJucilor."— HowlugtMl,/di.r»Hj, 

SILVERSMITH'S HANDBOOK. 

By George E, Gee, Jeweller, &c. Third Edition, with numerous Illustrations. 

lamo. clolh ... . 3/- 

•■TbethtertnetlioflhBiTOrlil»li»pncn™lelnr«cln-. . , . Tbewotken In ihe itade will iprcdlly 
dtacoTcr lit joaia when Iher ill down to iludy U."— English UtihanK. 

',' Tin abevi lav works iDgttktr, strongly half-bomd. friic 7s. 

SHEET METAL WORKER'S INSTRUCTOR. 

Comprising a SelM:tiun of Geometrical Problems and Practical Rules for 
DescribinR the Various Pallema Required by Zinc. Sheet-Iron, Copper and Tin- 
Plale Workers By KEt'BErJ Henhv Warm, Practical Tin-Plate Worker. New 
EJdition, Revised and greatly Enlarged by Joseph G. Hohnbr, A.M.I.M.E, 
Crown 8vo, 3<;4 pp., with 4]a Illustrations, cloth 7/0 

SAVOURIES AND SWEETS 

Suitable for Luncheons and mnners. By Miss M. L. Allen (Mrs. A. 
Macaire). Author of " Breakfast Dishes,' &c. Twenty-ninth Edition. Fcap, 
Svo, sewed 1,0 

BREAKFAST DISHES 



Fcap. Svo, 

i;o 



t 



BREAD & BISCUIT BAKER'S & SUGAR-BOILER'S 

ASSISTANT. 

Including a large variety of Modem Recipes. With Remarks on thft Art of 
Bread -making. By Robert Wells, Third Edition. Crown Svo, do ih . 1J- 
■- A luEO number nf wnnklci for ihc ordinary cook, ai well ai Ihc baker."— 5ilu"fjy KfvUn. 

L PASTRYCOOK & CONFECTIONER'S GUIDE. 

I For Hotels, Restaurants, and the Trade in general, adapted also for Family Use. 
I By R. Wells. Author of "Tho Bread and Biscuit Baker' . 1/- 

r " W* cannot ipeak loo highly o( .liu really e.cf Iknt work. In ihi-ie daji of keen compedUon onr 
' tmitn annot dobeitrr ihan i>urch..« ibia book.'-liii»«ri l>>ir». 

ORNAMENTAL CONFECTIONERY. 

A Guide for Bakers. Confectioners and Pastrycooks; including a variety of 
Modem liecipcs, and Remarks on Decorative and Coloured Work. With iig 
Original Designs By Robert Wells. Crown Svo, cloth . . . 0/- 
' A valuable work, practical, and should be In <be tiandi ol every baker uid conf(»llail«. The 

.WODERN FLOUR CONFECTIONER. 

Containing a large Collection of Recipes for Cheap Cakes. Biscuits, £c. With 
Remarks on the Ingredienis Used in their Manufacture. By R. Wblxs. 1/- 
■• The work l> of a decidedly pucUcal chaiaeiet. and In e.eiT retipe regard li had (o eianomlcal 
mtrlUngr—Norlli Bnluli Datiy Mait. 

RUBBER HAND STAMPS 

And the Manipulation of Rubber. A Practical Treatise on Ihc Manufaciur 



Indiartibber Hand Stamps. Small Articles of Indiambber, The Hektograph. 

Special Ink*. Cements and Allied Subjects. By T. O'CoNOB Sloane. A.M., Ph.D. 

. lUuitrations. Square Svo, cloth 5 - 
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HANDYBOOKS FOR HANDICRAFTS. 

BY PAUL N. HASLUCK, 

E.iilDi oi ■■ Work ■■ INew Series!, Autlior oE ■'Lilhe Work," '■ MillinK MaehlneV ttc. 

Crown 8va, 144 pp.. price 1/- each. 

^r TItiie Handvsdons knot betn uvUtf* to mpfly infonntlieii for Wojekmsm^ 

Stitdents, mi Ahateurs in tht leviral HaHdicra/ls. oh the tutual Pnacticb 0/ tftf 

Workshop, and ate iKtindtd to convty in plain Imgvage Trckmcal KKOWLSiMiB ef tt 

teviral Crafts. In dairibing tht fi-oaaii employed, and the maHifuiation of mtttrim 

aotkiliKp tnwiateuud: warHkop ptaitice is fully ixplaincd ; and the text is fritly iUaaratli 

Willi draitiiigi oftooditn tools, appliancn. and pronaes. 

METAL TURNER'S HANDYBOOK. 

A PracliCEil Manual (or Workers at the Foot-I^lbe. With 100 IlluBtratiou II 
" The liank will he nf lervlu alike lu the dinXiur and ibe arxlun luniEr. II dlip' 

WOOD TURNER'S HANDYBOOK. 

A Practical Manual for Workers at the Lathe, With over too Illustrations lf« 
soui«hi in lamfur a"iuanuji1 of ihfs^^fallSliMn'""— ""^a^aJ i™orW." 

WATCH JOBBER'S HAJMDYBOOK- 

A Practical Manual on Cleaninu. RepairinR, and Adjusting. With , . .. .^ 
100 Illustrations .... If* 

" We tiroiiKlr_acIvl» all jroiiiie persons connecled with the walch Iciule <D (Cqulre and inidjitklf 

PATTERN MAKER'S HANDYBOOK. 

A I'raclical Manual on the Construction of Fallerns (or Founders. With' 



MECHANICS WORKSHOP HANDYBOOK. 

A Practical Manual on Mechanical Manipulation, embracing InforoiatJoa aU 
\ariou9 Handicraft Processes. With Useful Notes and Miscellaneous Meiiic> 
randa. Comprising about 200 Subjects ... . " 

" A very clever and UKfiil boo;:, tvhich thonid be found In every workshop : ud ll thould . 

MODEL ENGINEER'S HANDYBOOK. 

A Practical Manual on ihe Conslruclion ot Model Sicam Engines, 
upwards of 100 Illustrations ... . . 

" Mr. HasUick bsi produced a very Koud little baok."-/)»WJ<r, 

CLOCK JOBBER'S HANDYBOOK. 

A Practical Manual on Cleaning:, Repairing;, and Adjusting. With upwards o 
loa Illustrations . . ...... \\m 

CABINET WORKER'S HANDYBOOK. 

A Practical Manual on the Tools. Materials, Appliances, and Processes eroplow^ 
in Cabinet Work. With upwards of 100 Illustrations .... -'^" 
'■ Mr. Ha-'.luck's Ihormishgoln^ little Mandjbook ii aniangu the men practical KttldeB * 

WOODWORKER'S HANDYBOOK. 

Embracing Information on the Tools, Materials, Appliances, i 
Employed in Woodworking. With 104 Illustrations 

coavev his knnwledge 10 oiher»."-£n*iii«««g. 

" Mr. Huluck wtjlet admirably, and gives complBle lailructlans,"— EnfinKr. 

"Mr. Hailuck combiner the eiperlence ol ■ iiracllcal leat:her with Ihe niaiap 
acienllBc knowledge of proceuH of the trained meciiaiilcian, and the luuiuabarB nu. 
be produced al a popular prtce." — Schooiwatier. 

" Helpful 10 workmen of all aeei and dep-eei of eipetience."— i)fli()' CAreii«I». 

■■ Condie. clear, and pcacUoaT"— Sahi'daj' Rtnuai. 



COMMEIiCB. COUNTtNG-HOUSH WOKK. lABI-ES. ^:. 41 

COMMERCE, COUNTING-HOUSE WORK, 
TABLES, ETC. 

LESSONS W COMMERCE. 

By Professor It GAMB\Rf). of (he Royal High Commercial School al Genoa. 

" ^. . . . . — .. .- , ^ nmerce and Commercial 

n Svo. cloth . . 3/6 
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'JbvlbAnu 
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lion of this volume. . . . Ttia muk Is peculUcly iccepiiiblB to 
xtdlilan 10 e.lsiing cl»« books. In u phnuf. we Ihink the irork 
cF accou'ii of ihoK laws and cuiioms □( Brlil>h inde wllb wblch 
Fin should be fUDlllac."— CAdMterD/Coxintrcf /onrMl. 

n 0° buslrfcu ahoul/be^mpruud oil every one."— Con'-rlMrg /f o»M. 



THE FOREIGN COMMERCIAL CORRESPONDENT. 

Being Aids lo Commercial Correspondence in Five Languages — English. French, 
Germafi, Italian, and Spanish. By Conrad E. Baker. Third Edition. Care* 
fully revised Ihroughoul. Crown 8vo, cloth * '" 



tesmeniSonedbyMr.BakcrunncldDbeLlerthui 

md convenlfnlty arranged. They conslM not e[ 

«Ur«»p~' ' '•■■■ -■• • '••'' -■- ■- '-- 

usually complete, well arranged and reltible. 



Tlie book li a thoroughly nood ane."~SctooIniai/(r 

FACTORY ACCOUNTS: THEIR PRINCIPLES AND 
PRACTICE. 

A Handbook fur Accountanla and Manufacturers, with Appendices on the 
Nomenclature of Machine Details; the Income Tax Acts, the Rating of 

■ Factories : Fire and Boiler Insurance; tb« Factory ani3 Workshop Acts. Sc, 
including also a Glossary of Terms and a large number of Specimen Rulings. 
By Ehile Garckb and J. M. Fells. Filth Edition, Revised and Enlarged. 
Demy Svo. cloth 7/8 
"A ireryliileTestlngdeKrlpIlon olthere<]ulreinent>arFacIDry Aixounlt. . . ■ Tbe pripciplg ol 
Mtimlhtlpg the Fuctory Account* (o ihe genenl comoicTclal bookt li one which n-e thoroughly agree 
^tUh,'— itHamrtanli' Jounml. 

'■ Chaneleriicd by eiitsnie thoroughness. Then are fow ownen of Glories who would not 
4ert<* (leai ticnefit (com the peruul oi Ihit most admirable v,OTk."—La!al Caviruniiil Chianicli. 

MODERN METROLOGY. 

A Manual of tbe Metrical Units and Systems of the Present Century. With an 
Appendix containing a proposed English System. By Loivib D*A, Jackson, 

A.M. Inst. C.E.. Author of "Aid to Survey Practice," &c. Large crown Svo, 

^m doth 12/6 

^Buoih 



. SERIES OF METRIC TABLES. 

In which the British Standard Measures and Weights are compared with those 
of the Metric System ai present in Use on the Continent. By C H DowLiNG. 
C.E, Svo. cloth 10/6 



RON AND METAL TRADES' COMPANION. 

For expeditiously ascertaining the Value of any Goods bought or sold by VVeight, 
from IS. percwl. to 1121. per cwl., and from one farlhing per pound to one shilling 
per pound. By Thomas Downie. Strongly bound in leather, 396 pp. . 6/- 
" A Dioil Qiefu! wt of tables, nothing like ihem before rilstfd."—BiiUdi»e Ni,^-i. 
'■ Although ipeciilly idapied lo the Iron and metal Hades, the ublei will be found uieful In every 
— "■- -' '- -ihich meichaiidlKls bought and sold Jiy weight."— Bfli(M> Wnn. 



42 CXOSffV LOCA'trOOD &• SO.V'S CATALOGUE. 

NUMBER, WEIGHT. AND FRACTIONAL CALCULATOR. ] 

Containing upwards of 150.000 Separate Calculations, showinK a! a glar 
value 31 4:2 diflerent rates, ranging (rorn iJRth of a Penny to 20J. each, or per I 
cwt., and £10 per ton, of any number of articles consecutively, from i to 470. I 
Any number of cwis,. qrs., and Iba.. from i cwt. lo 470 cwts. Any number of I 
ions. CWIS., qrs,, and lbs., from 1 to 1,000 Ions. By William Chadwick. Public I 
Accountant. Fourth Edition, Ravised and Improved. Svo. strongly bound 18/' 

" li Is as easy oi [ckrcnee Fdi aa, aniwH or idv number oi viiwcn u a dicllaiuir. For nukloi 
up accounts cr esKmala tbc book must prove inviloable to all who bave any eoiisldenble qiuuUI)' a 
citculillons Involving ptiu and mcaiiice in anv oombinaljon 10 do."— fHCiiXH, 

" TbE niosl ptrfcci work of the Mud yet pt«p«ed."— CAaigDw Hi'iitl. 

THE WEIGHT CALCULATOR. 

Being a Series of Tables upon a New and Comprehensive Plan, enhibiting at oru 
Reference the eiacl Value of any Weight from 1 lb. to r; tons, at 300 Progresiivi 
Rales, from \d. to i63s per cwt.. and containing 186.000 Direct Answers, which, j 
wilh tbeir Combinations, consisting of a single addition (mostly to be perjonmedi I 
at sight), will afford an aggregate of 10,366,000 Answers ; the whole being c^cu- F 
laled and designed lo ensure correclness and promote despatch. By Hbnht 1 
Harbes, Accountant. Sixth Edition, carefully corrected. Royal Svo, slroogl^ I 
half-bound J31 Bs^l 

" of^xXj\i\^i.aCMMK ^n""u li" li^i^y book ^"alT'iiLcantile'"oiE^"-SJW#(I*' I 

THE DISCOUNT GUIDE. 

Comprising several Series of Tables for the Use of Merchants. Mana&clurers,. I 

Ironmongeis, aad others, by which may be ascertained the exact Pro6l arisinp I 
from any mode of using Discounts, either in the Purchase or Sale of Goods, an* | 
the methi>d of either Altering a Rate of Discount, or Advancing a Price, so as to 
produce, by one operation, a sum that wilt realise any required profit after 
allowing one or more Discounts : to which are added Tables of Profit or Advance 
from ij to 90 per cent , Tables o£ Discount from t\ 10 ^J per cent,, and T&Ues. 
of Commission. &c.. from 1 to 10 per cent. By Hbnhv Hakben. Aocoununt. 
New Edition, Corrected. Demy Svo, half-bound .... fi| 8s. 



TABLES OF WAGES. 

At 54, 52, JO. and 48 Hours per Week. Showing the Amounts of Wages from \ 
One-ijuarter-of-an-hour lo Siity-four hours in each case at Kales of Wages- I 
advancing by One Shilling from 4* to 551. per week. By Thus. Gajibittt, I 
Accounlanl. Square crown Svo. half-bound . . , , . 6/«- I 

IRON-PLATE WEIGHT TABLES. 

For Iron Sliipbuilders. Enj^ineers and Iron Merchants. Conlaininf; the Calcu- 
lated Weights of Upwards of 150.000 different sites of Icon Plates from i foot by 
6 in, by i in, to in feet by 5 (eel by 1 in. Worked out on the basis 0(40 Ihs. tO' 
Ihesquare foot of Iron of i inch in thickness. By H Bdrlinson and W, H. 
Simpson. 4 10, half- bound ........ £1 6a.t 



ORIENTAL MANUALS AND TEXT-BOOKS. 

Notice. Messrs. Crosby Lockwood ii Son U'lll forward on application a New andl I 
Revised Lisi nf Text-books and Manuals for Students in Oriental Langn&ges,. I 
many of which are used as Test-iKioks for ihe Examinations for ihe Indian Ciiil I 
Service and ihe Indian Staff Corps; also as Class Books in Colleges and SchoolfcB 



ACRlCULTUkE. FARMING. GAKDENINC, i-.. 



AGRICULTURE, FARMING, GARDENING, ETC. 



I THE COMPLETE GRAZIER AISID FARMER'S AND 
[ CATTLE BREEDER'S ASSISTANT. 

I A Compendium of Husbandry. Originallj' Written by Wiluam Vooati. 
[ FourleCQth Edilion, enlirely I(e-writien, considerably Enlarged, and broughl up 
\ to Present Requirements, by Williau Krcam, LL.D , Assistant Commissioner, 
Royal Commission on Agriculture, Amhor of ■' The Elements of Agriculture,*' &c 
Royal Svo, 1,100 pp., 450 lllustraiiions. Handsomely bound . £1 11b. 6cf. 
5t:MMARv or Coments. 
Book t. On ikb VAmeTiEs. Brb^diko, Rms- Booi VII, On me B»eeotso, RE.BiHo, .no 

MtCPtTTEHinQ AND MaHAOEIUNT OY CaITLI. U AHAOEHIHT Of PoULIBV. 
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FARM LIVE STOCK OF GREAT BRITAIN. 

By Robert Wallace, F.LS., K.R S.E.,Jtc., ProfessorofARricultural and Rural 
EcoDomy in the University of Edinburgh. Third Edition, thoroughly Revised 
and considerably Enlarged. With over no Pbotolypes of Prize Slock, Demy 
Svo, 384 pp., wiib 79 Plates and Maps. Cloth ia/B 

Mi>ln,uid oneurWcb Is likelv lo find luwaiiD ihe'tbeWes of ever; uuniry Ksnileman'i library."— 



NOTE-BOOK OF AGRICULTURAL FACTS AND 
FIGURES FOR FARMERS AND FARM STUDENTS. 
By Peiimiio:>e McConnell, ii.Sc , Felluw of the Highland and Agricultural 
Sodety, Author of " Elements of Farming,' ' Sixth Edition. Rewritten, Revised. 
and greatly Enlarged, F'cap. 8vo. 4S0 pp., leather, gilt edges . 8/- 

COMTSHTS — SimtKrina and Levellino. — Wsiohts aho Miaiukks. ~ Machiuekt ahd 
BmLDIHai.— Laious.— Opihations — DuAiiiiHa.— EuiiiiMiiiHO.—GEOLnoicAL MeuoiANiiA.— Soils. 
— Wakuh*.— CiOPPiHo.— C>op>.— RoTAiioHj.— WatDB.— Fkkdihg.— Daibvino.— LtvK Stock.— 
Ho*SEt.— Cattle.— Shiep.— Pigs .— Poultry.— FoiiEiTiiv.—HoitTicuLTU>E.—IXlsCELLASEOL'B. 

"No Euuier,iadGBrtaliily no sEilcultunl student, ougbi lobeirlthavt ibliMHlfHni ih furvo muiuil 
et ill iub)ecu conncEled wllb the ^nay—Sartk Biilisk ArrioMiuiU. 

"Thiillllle pockei-booli cnntijRii Ur«e amcniBI of laetdl InfiinnEtlan upon all kindi of agtlcutiunl 
•gbjecis. Sometblng d( Ibe kind hai long been innI«d."-^arlE Lant Exfttn. 
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THE ELEMENTS OF AGRICULTURAL GEOLOGY. 

A Scientific Aid to Practical Farming. By Pkimrosh McConnbll, Author 
□f " Notebook of Agricultural Facts and Figures." &c. Royal Svo, cloth. 

Net 21/- 
■' On evn; P>f:e <!>« oork bears lb'' Impress of a maKerl; kaowledge of lbs lubject dealt wllb, 
bave noiblng but uaallnied jiralte to offer. "—Fiilii. 



BRITISH DAIRYING. 

A Handy Volume on the Work of the Dairy-Farm. For ihe Use of TechoicdJ 
Inatruclion Classes, Sludents in Agricullural Colleges and the Working Dairy* 
Fanner. By Prof J, P. SuKl-tWN. With lltostrations. Second Edilioa -" 
Revised. Crown Svo. cloth 

" ConSdcnllv i 

" Piobably ihp 

MILK, CHEESE, AND BUTTER. 

A Piaclical Handbook on their Properties and the Processes of their Produdioa.^ 
Including a Chapter on Cream and the Methods of its Separation from Milk. 
By John Ouver, late Principal of the Western Dairy Institute. Berkeley. Wifli 
Coloured Plates and 200 Illustrations. Crown 8vtj, cloth "^ 

" Aa fikhvuBilvc and matEerly productJon. li may tK totdiMv rncainaif 

LilloncTi of dairy ictiMicc"^Aor'A British AgrifuUuritt. 



' -We, 
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SYSTEMATIC SMALL FARMING. 

Or, The I.es3ons of my Farm, Being an introduction to Modem Farm Practio^ 
for Small Farmers. By R. ScoiT Burn, Author of '■Outlines 0' "" ' 
Farnitng," &c. Crown Svo, clath .... 

"Thislaihecomplcleai liooli of lis class weLavi uLii. indons wlileli every amateur firmer will 

OUTUPreS OF MODERN FARMING. 

By K. ScolT Burn. Soils. Manures, and Crops — Farming and Farming Econom; 
— Cattle, Sheep, and Horaes— Management of Dairy, Kgs, and Poultr 
Utilization of Town-Sewage. Irrigation, &c. Sixth Edition. In one 
pp., half-bound, profusely Illustrated ...... 

FARM ENGINEERING, THE COMPLETE TEXT-BOOK OF. 

Comprising Draining and Embanking, Irrigation and Water Supply; Farm 
Kaadi. Fences, and Gates; Faini Buildings; Bam Implements and Machines; 
Field Implements and Machines; .-Agricultural Surve>ing. &c. By Professor 
John Scoti. In onevol., i.ijopp., half-bound, with over 600 Illustrations. Igf- j 
" Wrillen wllta enal care, u mil ai wllh knowledie and ablUly. The milhoi tasA ' 

well: we have fauDdUniavecyu-iutwonhr guide wberever we have tetied his siaimetiiL 

will be »[ great value 10 agricullura] tludeo ti."—Ua,k Lam Eipms. 

THE FIELDS OF GREAT BRITAIN. 

A Text-Book of Agriculture. Adapted to the Syllabus of the Science and A 
Uepartmenl. For Elementary and Advanced Students. By Ht)CH CLBMBttiji 
(Board of Trade). Second Edition, Kevised. with Additions. 1 8m o. cloth . 3/9^ 



TABLES AND MEMORANDA FOR FARMERS, GRAZIERS, 
AGRICULTURAL STUDENTS, SURVEYORS. LAND AGENTSL 
AUCTIONEERS, &c 

With a New System of Farm Book-keepinfi, By SiusEV Fmancis. 
Edition. 27;( pp., waistcoat-pocket siie, limp leather 
■■ Welghlug Ins ihan 1 o;,. and occupyiug 110 more space than a uialcb bni, II can 

on Ihe rami Is dealt wltb. The wurk may be lakcii as ihutouKhly accurate, ihe whole o{ tiM a 
havtog beeu revised by Dr. Fieam, We cordially iFcomiiifud li."— fill'] Wttkly Wiijii 

THE ROTHAMSTED EXPERIMENTS AND THEIR 
PRACTICAL LESSONS FOR FARMERS. 

Part 1. Stock. Part II. Crops. By C, j R. Tipper. Crowo 8vo, cloth . 
"We havenodouhl Ihal Ihe book hiIJ be nelconiid bj a large clan of tannenwwlothcntDMf 
In apiculture." — Standard. 



FERTILISERS AND FEEDING STUFFS. 

Their Prnperlies and Vse'i, A Handbook for Ihe Praclical Farmer By 
Bekvard Dveh. D.Sc. jLond ), With the Test of the Fertilisers and FeciJing 
Stuffs Act of 1893, The Regulations and Forms o( Ihe Board of Agriculture, and 
Notes on the Act by A. J. David, B.A,. LL.M. Fourth Edition, Revised, 
Crawn Bvo. cloth ....... (Jvti Publiiked. |/- 

Dr, Dyn bla dons bnncrs Eood senlCF In placing >1 tbeir dttpoaal u mucb useful iDtbrnuUon [n » 
liUElllglbte s ftmn,"— rin Ti"Ws. 

BEES FOR PLEASURE AND PROFIT: 

Guide 10 the Manipulation of Bees, the Production of Honey, and the General 
' ■ ■ By G GoKDON Samso.i. With numerous ^llu5t^a- 

l,- 

BOOK-KEEPING FOR FARMERS and ESTATE OWNERS. 

A PraciicEil Treatise, presenting, in Three Plans, a System adapted tor all 
Classes of Farms. By Johnson M. Woodman, Chartered Accountant. Fourth 
Edition. Crown 8vo, cloth . 2/6 

POODMAN'S YEARLY FARM ACCOUNT BOOK. 

ving Weekly I.abour Account and Diary, and showing the Income and 
Expenditure under each Depanmenl of Crops, Live Stocit, Dairy, &c.. &C- 
With Valuation, Profit and Loss Account, and Balance Sheet at the end of 
(he Year. By Johnson M. Woobman, Chartered Accountant, Second Edition, 
Folio, hftlf.boond Wrt T/6 

; FORCING-GARDEN. 

Or, How to Grow Early Fruits, Flowers, and Vegetables. With Plans and 
Estimates for Building Glasshouses. Pits and Frames. With Illustrations. 
By Samohl Wood. Crown 8vo, cloth , , . 8/B 

lA PLAIN GUIDE TO GOOD GARDENING. 

Or, How 10 Grow Vegelables, Fruits. anU Flowers. By S. Wood. 

*ilh considerable Additiotls, and 
8vo, cloth 

a Ih bl|hiy mcocnmcni 



IMULTUH-IN-PARVO GARDENING. 
• Or, How to make One Acre of Land produce /620 a year, bv the Cultivation ol 
Fruits and Vegetables; also. How to Grow Flowers in Three Glass Houses, 
so as to realise ^176 per annum clear Profit, By Samdkl Wood, Author of 
■' Good Gardening," &c. Sinth Edition Crown 8i-o, sewed ,,.!/. 
THE LADIES' MULTUM-IN-PARVO FLOWER GARDEN. 
And Amateur's Complete Guide. By S, Wood, Crown Sva. cloth , 3;6 
POTATOES: HOW TO GROW AND SHOW THEM. 
A Praclical Guide 10 the Cultivation and General Treatment of the Potato. 
By J. Pink. Crown 3to . , , . . . 2- 

MARKET AND KITCHEN GARDENING. 

By C. W, Shaw, tale Editor of ■■ Gardening Illustrated." Crown Svo, cloth, 

3,tt 



46 CROSBY LOCKWOOD ft- SON'S CATALOGUS. 

AUCTIONEERING. VALUING. 
LAND SURVEYING, ESTATE AGENCY, ETC, 



INWOOD'S TABLES FOR PURCHASING ESTATES 
AND FOR THE VALUATION OF PROPERTIES. 

Including Advowsons, Assurance Policies. Copyholds. DeferTed Annuiti) 
Freeholds, Ground Rents. Immediale Annuides, IiCasetaolds. Life Intera 
Mortgages, Perpetuities, Renewals of Leases, Reversions. Sinking Fqi 
4c., &c jyth Edilion, Revised and Extended ty William ScROOLr 
F.R.AS. with Logarithms of Natural Numbers an^ Thoman's Logariihi 
Interest and Annuity Tables. 360 pp., demy Svo, cloth [Just Fublishfd. Nrl I 
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THE APPRAISER, AUCTIONEER, BROKER, HOUSI 

AND ESTATE AGENT AND VALUER'S POCKET ASSISTANT 

For the Valuation for Purchase, Sale, or Renewal of I.eases. Annuities 
Reversions, and of property generally : n-ith I'rices for Inventories. Oce. 
loHN Wheelek, Valuer, Sec. Sixth Edition, Re-whtten stnd greatly 

by C. NoKRis. Royal 33mo, cloth 

"A ami ■ndconcLH book of refeivnce, conlKlDlng an admlnbla uu] dearly^rtanfled llut 
"Conciilncii Earge quafiihy of vjutFd and useful ijrforouUon as la Eb« valuiUon for purcJuAC sale, 1 

AUCTIONEERS 1 their DUTIES and LIABIUTIES. 

A Manual of Instruction and Counsel for the Young Auctioneer, By RodkiH 
SflDiBBs, Auctioneer. Second Edition, Revised. Demy Svo, cloth . 13/| 
" The work [s odc of genaal elcelleal cbaracier, and glvn much InfbtmBiliia In 1 coi 
■od »iisliiciory fana."—Buildtr, 

■■ Mty b» reconnncnded as giving a gtejil deal of Inforowion on Ibe Uw reUlIng 10 luel 
■ very rodable taiBi:-—LawJimrmil. 

THE AGRICULTURAL VALUER'S ASSISTANT. 

A Practical Handbook on the Valuation of Landed Estates ; including Exam pit 
of a IJelailed Ueport on Management and liealisalioii . Forms of Valuations ol 
Tenant Right : Lisls of Local Agricultural Customs ; Scales of CompensatioB 
under the Agricultur&l Holdings Act, and a Brief Treatise on Compensation 
under the Lands Clauses Aces. &c. By Tom Bright, Agricultural ValuBr> 
Author of " The Agricultural Surveyor anJi Estate Agent's Handbook," Foui4 
Edition, Revised, with Appendix containing a Digest ol the Agricultural Holdinf^^^ 
Acts, 1883-1900. Crown 8vo. cloth ...... "' ~ 



"Pull ofiabln and eiamplEi In eooDeciIc 

mlenlKuid wrlfhls of llmbeT. and ^utnprodu 

-' An emlnenllypiiicilca] handbook, full ofp 
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POLE PLANTATIONS AND UNDERWOODS. 

A Practical Handbook on Estimating the Cost ci( Forming. Renovating, ...^ . _ 
ing, and Grubbing I'lantations and Underwoods, their Valuation (or Purposes 
Transfer, Rental, Sale or Asseasment, By Tow Bbicht. CrowD Svo, clotn 8/ 

" To valuera. Soreaeti and agBnli It will be a oclcenie aid."— NurM BrilUk AgrUvUura. 

"WellcalculaiEd loiMlsrihe valuer In the discharge of hli dulls, and of undoabiMl interMIU 
uubwli to turveyari and suetlaneeiG In piepailng valuations olail kinds."— Kinl HtraU. 



'^ 



AUCTIONEERING. VALUING. LAND SUKi'BYtNG. i^'. 
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AGRICULTURAL SURVEYOR AND ESTATE AGENT'S 
HANDBOOK. 

Of I'raclital Rules. Formiili. Table?, and Dala. A Comprehensive Manual for 
the Use of Surveyors, Agenls. Laodoivners. and others inieresied in Ihe Equip- 
ment, the Management, or the Valuation of Landed Estates. Bv Tom Bright, 
AgrJcnltaral Surveyor and Valuer. Author of " The Agricultural Valuer's 
Assistant," &c. With Illustrations. Fcap. 8vo, Leather titt T/fl 

" An cicenflngly ukFuI book. Iht conlenli of which ue admlnbl]' chown. Tar clum foi whom 
■he wDck U Iniended will find li coaiEQleni la have ihli CDmpiEbEailve biindboalt iceHUblg tor 
rdareiiee."— ^.IM S/«* /onmal. 

" II It a >Ui«ululy camiuei and vieW Infacini^d compendium of ihe bets and ficiirn like); lo b« 

THE LAND VALUER'S BEST ASSISTANT. 

Being Tables on a very much improved Plan, for Calculating IheValue of Estates. 
With Tables for reducing Scotch, Irish, and Provincial Customary Acres to 
Buiute Measure, &c. By R. HltDsoH, C.E. New Edition. Royal jjmo, 
leather, elastic band ... 



ptofe,si 



.,■>«„ 



THE LAND IMPROVER'S POCKET-BOOK, 

Comprising Formula, Table;, and Memoranda required 



handy lit 



omputatioo 

iprmei.icni of Landed Property ByJoKsEWABT, 
Revised, Royal jimo. oblong, leather . 4/. 



THE LAND VALUER'S COMPLETE POCKET-BOOK. 

Being the alKive Two Works bound to^etheT. Leather , . . . 7fS 

HANDBOOK OF HOUSE PROPERTY. 

A Popular and Practical Guide lo the Purchase. Tenancy, and Compulsory Sale 
of Houses and Land, including Dilapidations and Fixtures : with Examples of 
All kinds of Valuations, Information on Building and on the right use of 
Decorative Art. By E, L. Tarbuck. Architect and Surveyor. Seventh Edition, 
lamo. doth {Jvii PiAhihtd. 5K 

" The *A.iVBe li ihoroiighty piaeileal."— 

■■ - allllgs with hou» 



callllES «ltl) 



^Tc^ 



pentable pildo."— DKoratjoii. 



LAW AND MISCELLANEOUS. 



UODERN JOURNALISM. 

A fiandbook of Instruction and Counsel for the Young Jot 
Mackie. Fellow of the Institute of Journalists. Crown Hvc 



wltbail 



"Tblsli 



■-yoN 



\ 



HANDBOOK FOR SOLICITORS AND ENGINEERS 

Engaged in Promotmg private Acts of Parliament and Provisional Orders, for 
the authorisation of Railways. Tramways., Gas and Water Works, ito. By 
L. L. Macassev, of the Middle Temple. Barrisler-at-Law. MIC E Svo. cloth. 

£1 Bs. 
PATENTS FOR INVENTIONS, HQ-W TO PROCURE THEM. 

Compiled for the Use of Inventors. Patentees and others. Bv G. G M. 
Hahdingham, AssocMem Inst.C E , Ac. Demy Bvo, cloth .' . 16 

CONCILIATION AND ARBITRATION 
IN LABOUR DISPUTES. 

K Historical Sketch and Itrief Statemeni of the Present Position of the Question 
at Home and Abroad. By J. S. jeans. Crown 8vo, aoopp., cloth . 2(6 





CROSBY LOCKWOOD &• SON'S CATALOGUE. 



EVERY MAN'S OWN LAWYER. 

A Handv-Book of the f-rinciples of Ijiw and Equity, With a CoNCiss 
DrcTioNARv OF LEGAL Tebms. By A B*FBisTBH, Forty-flrst Edition, car»- 
fully Revised, and compcisinK :Nbw Acts of Parliament, inclnditig the Motir 
Car Act. J903 ; BmflnymntI of CHitdrat Act. 1903 : Piifots Alt. 1903 ; Poor 
Phsanns' Dtftnct Act. 1903: Educalica Acts 0/ 1902 and 1903; Homing oj Ihl 
Worhiae Classes Act, 1903. &-c. Judicial Decisions pronouocEd during the year 
have also been duly noied. Crown 8vo, 800 pp., strongly bound in cloih. 

{jusi PuWshid. »:m 

•,' 7Aji StjmlxitJ Work of Refcriiue Jormi k Completk Epuomb op tbe Laws o: 

England, ccmf rising (amongst other matter) : 

THE RIGHTS AND WRONGS OF INDIVIDUALS 



Landlord and Tknant 
Vendors »si> Porchasbrs 
Leases and Mortgages 
Joint-stock Companies 
Masters, Servants and Workmen 
Contracts and Agreements 
Money-lenders, SuRBTlsHtP 
Partnership, Shipping Law 
Sale and Purchase or Goods 
Cheqoes. Bills and Notes 



Life. Fir 



:, Ban KB 



FoR> 



Elections 
County Councils 

DlSTHICT and pAltlSH CODNCILS 

BoRoCGH Corporations 



Clergv and Chcbc 
Copyright. Patents, Tbadh Masks 
Hdsband and Wife. Divorcb 
Infancy. Cdstody or Childrem 
Public Health and Nuisances 
1 Sporting 
Death Doties 



r Wills. Agreements, None: 



»■ The ohjeci 0} this iDorh is to enable Ihau wko consult i( to help themtrlvet U 
the law : and thereby to dispense, as far as possible, with professional assistance and advies. ' 
ThiTi are waii^ n-rongs and gnevatuis which persons mbmil to from time to time IMrmgh 
not knowing how or where to apply fot rtdress; imd many persons have as gnat a irim 
of a lanyir's ej^et as of a lion's den. With this book at hand it it beliivid thai main 
a Six-AKD-EiGHT PENCE miiy bi saved; many a ui-ong redressed; many a right nclaimtif 
many * law suit avoided: and many an toil abated. The work has eslablisked itself » 
the standard legal adviser of all classes, and has also made a reputation for itself as l 
useful book of reference for laaytrs residing at a distance from law libraries, who are glad. 
to have at hand a avrk embodying recent decisions a ' ' ' 
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LABOUR CONTRACTS. 

A Popular Handbook on the L 
David Gibbons. Founb EdUic 
Fcap. Bvo, clolh 




WEALE'S SERIES 

Scientific & Technical 

WORKS. 



" It is nol loo much to say that no books have ever proved more 
popular with or more useful to young engineers and others than the 
excellent treatises comprised in Whale's Series." — Ea^eer. 



^ lijiu ClassiM list. 



Civil Engineering and Survejirg 50 



Ire 



anil Useful Arte . . 57 



Mining and Metallurgy ... 51 | Agriculture, QftrdenJng, Elo. . 

Meohuiioal Engineering . . . 52 I Mathematice. Arithmetrc, Etc. . 

Navigation, Shipbuilding, Etc. . 53 | Books or Reference and Mia- 

Arehlteoture and Building . . 54 oellaneo us Volumes. . . . 




CROSBY LOCKWOOD AND SON, 
7, STATIONERS- HALL COURT, LONDON. E.C. 

1904. 



CROSBY LOCKWOOD & SONS CATALOGUE- 



CIVIL ENGINEERING & SURVEYING. 
Civil Ene^ineepine^. 

ByHcNKV Law, M, Insi. C. 
byli, R. RuBNEU,. M.J.C.E. 
BuCENTPBAirticeby D. KinnearClahk, M. Inn. C,_E. . . . . f 

Pioneep Ensrineeping'. 

A TrcBiiie on ihe Engineering Onemtkins conneeled wlih Cic ScllIemCDl of Wi 
Lands in New Counlries. By E. Does ~ ~ 



E. Second Edition. 






j. M.Inst.l 
nucb of hisadviei! will lie >i!uable lo young engioeai procteding 1 

Ipon and Steel Bpidg^s and Viaducts. 

A T'r.itiiciil ■Jrcitiw u|wn their Conslmciioii l-"Qt ihc uw of Engineers, Dntuehlsn 
an,l SludPEiIs. By FMANcls CAMl'ts. tj ]i ; 



Constpuctional Ipon and Steel Wopk, 

Asaiiplied lo Public. Private, and tlomeslicnuildin^s. ByFRANCisCAUPiK.C.E. 

Tubulap and othep Ii>on Glpdep Bpidg«B, 

Describing Ihe Biilannia iind Coiiwiiv I'ubulai BridEes. Wiih a Skeich of IroB 
Bridges, St By G. Dhvsdale Dempsky, C.K. FoiiHh Edition ..." 

Matepials and Construction. 



Sanltapy Wopk in Small Towns and Villages. 

By Charles Slagg. Assoc. M. Insi. C.K. Third Kdilion. Enlarged . 8/0 

■'Tlisisi very uMful booli, Theie a a gitiu detl of wmk teqmtct! lo lie done in the smaller 

and viliiges. mid thir^ lillle valuine will help itiou who are willing 10 da a."—JlmiUtr. 

Constpuction of Roads and Streets. 

By H. Law. C.E,. and D K, Clark. C,E. Siith Edition, revised, with Additional 
"haptersbyA. J. Wai.lis-Tavler, A.M. Insl.CE 6/0 






Constpuction of Gas Works, 

And the Manufaciure and Disirilnnion of Conl'Gas. By S. Ht;c;Bes, C.E. Ke-wrilUa 
by WiLUAH HiCHAKiis, C.E. EighthEdilion, with important Addition! . S/ft 

Watep Wopks, fop the Supply of Cities and Towns. 

With a Deseripiion of the Principal Grologi<3il Fonnaiions of England as influem ' 

Supplies of Water, By SAtlUEL Hughes 

"Everyone who is debating bow hii villue. (own, or city shall be plrTitifully Hip 
waui should reaH <hL< book."— A'woil/e Cnram. 

Pow^BP Of Watep. 

As applied 10 drive Flour Mills, and lo give 
Engines. By Joseph Glvnn, f. R.S.. &c. 







I'urbincs and other Hydroiude 
tion. lUustmled 8/0 

E<]iiioD sn 



Drainage of Lands, Towns, and Buildings. 

By G. D. UemfsEV, C.E. Revised, with Inrge Additions on Krceni Pr 
Dr»in;ige Engineering, by D. KlNNEAR CLARK, M.LC.E. Fourth Edition 



Blasting: and Quappyin^ of Stone, 

For Building and jllitr Tiirpo-^-.. Wilh Remarks on Ihe Bloiving up o 



By 



V S.rJ, I 



. !^ 



t. C.E. New Edki. 



1 by E. NUCENT, ( 



Foundations and Concrete Works. 

With Pratutal Kcnark, on Kuoiings. Planking. Sand, Concrtic, Bi^ton, Pile-drivini 
CaiMons. and Cofferdams, By E, Dobson. M.R.I. B.A. Ninth Ediiion , . l/ 

neumatics, 

IncliHliiig Acoustics and the Phenomena of Wind Cuirents. for the uie at Beponer 
By Char LBS To ML IN SON, F.H.S. Fourth Editioo, enlarged. Illustrated . 1/ 

liand and Eng:ineeping: Supveying;. 

For Students and Radical L'se. By T. Bakkk. C.E. Nineleenth Edition, reviH 
and e«lendetl l.y F, M. Dixon, ..\.M. Inst. C.E. With Plates and Dtegiams . 3/ 

IHensupation and Measuplng:, 

I With Ihe Mensumlion and Levellini' of Land for 

By T. Bakj 
km 
Ooa 



MINING AND METALLURGY. 
:inin^ Calculations. 

"^ "■ se of Students Preparing for the Enaminations for Colliery Managers' 



■inepalog^. 



in Ariihmetic. Algebra, and 

O'DoNAHUE, M.E.. First-class Certificaled Colliery Manager. 

3/6 

4MSAY, F.G.S. Fourth Edition. WoodculsandPlalei 8/6 

liipbyed an inlimKEc knowlcdBC of hu tubject, and greot JacUity in 
The book is of g ■ . . 



— jtfinuv /"miU. 



Coal and Coal Minine* 

By the late Sir Warjngton W. Suyth, M.A., F.R.S., Eighth Edition, Revised and 
Extended by T. Fursteir Bkowk. Chief Inspector of the Mines of the Crown and of 
the iJuchy of Cornwall 8/6 

■inn of cirery known cral-ficM in thn and other {:oU[irrie» an well u of Ihe two prindpal raethodi of 
Worideg, llwboDk will doubt l«t inlcrul a vrry larte number of readerv" — MiKinf Jcuna^. 

MetaUupgy of Iron. 

Conlaiaing History of Iron Mdnufactiite. Methodt of Assay, and Analyses of Iron Ores, 

Processes of Manufacture of Iron and Steel, &« By H. Bauehman, F.G.S.. A.R.S.M. 

With numerous Illustrations. Simh Edition, revised and enlarged . . S/0 

■'Carefully oritteo. it hu Ihe mcril of brevity andcondieDHi. u lo las imponuii points : while all 

Minepal Surveyor & Valuep's Complete Guide. 

B Comprising a Treatise on Improved Mining Surveying and tlie Valuation ol Mining 

" Properties, with New Traverse Tables. By W. LiNTF.RN.C.E.. Fourth Edidon, wilh an 

Appendix on Magnetic and Angular Surveying, with Records of the Peculiarities of 
Needle Disturbances. With Four Plates of Dingranis, Plans, Ae, . . , 3/8 
" Cnntauu mudi valuable infomuLtion, and is tborougbly tnutworlhy."— /rvvA-rso/ 7>1u/uXriwd. 

e Quappy 

itific, Pradiciil.a -^ - - .- - -. „ „ 

^\^th numerous illustraiions and Folding Plates. Fourth Edition . . 8/0 

Fa FiPSt Book of Mlniner and Quappyingr. 

' By J. H. Collins. F.G.S 1/6 



Subterpaneous Supveying:. 

By Thomas Fi^nwicic. Also the Melhoi 
without the use of the 

Mining: Tools, 

Manual of. By W. Morgans, Lecturer on Mining a( the Bris 

Mining: Tools, Atlas 

Of Engravings to the above, containing 935 Illustrations diBwi 
"Studemi, OveimcD, Captaint, ManAgers, and 



Survey, 

. 2/6 



^^ Unubi 



siudy of Mr. MDrgaim' Manual. '- 




CROSBY LOCKWOOD & SON'S CATALOGUE. 



Physical Geolog'y, 



Piilly I. 



ncral PoKTLOCK's " Rudiments of Geolcgy." 



^.L.S., &<. Woodciil; 

Hlstopical Geology* 

I'diily lia»d go Major-General POSTLOCK'S " Rudioie 

Geolog:y, 

Phv51i:ai. nnd Historical. ConBSIing of " Physlca 
LeJding Principles of Ihe Science; and " HiHoriml 
Mineral nnd Ore»nic Condiiions of the Eatib b1 eaci 
TATE, f.G,S, Wilh 2w lllusirations 
" The fiiln™ of lilt mma luJ. eltMlf. 



■ By Ralph Tatk . 3/0 



Geology." which » 
Geology." which ti 



lis of tbe 
ly Ralph 



t:'—SdUoi BaanlCkn, 



MECHANICAL ENGINEERING. 
Wopkman's Manual or Eng^ineering; Dpawing. 

By JOHN MaXTON. Inslruaor in Knginrenns Drawing. Koy.il Naval CoUege. C 



Fuels : Solid, Liquid, and Gaseous. 

Their Analysis and Valuation. For the use of CliEmisls and Engini 
Phili.ti-s. F.C.S., formerly Anajyiical and Consulting Chemist to lh< 






it «»lc."— CAi«i 



ie laborat 



1 Engineeis. By H. J^ 
It to the Great Eosteni 

. . ■ ao 

imcDl, and wbatYB fa3 U 

Fuel, Its Combustion and Economy. 

Conslsling of an Abridgmeni cf " A Treatise on the Combustion of Coal and ths 
Preveniion of Smoke." By C. W. WiLLiAUS, A.l.C.E. With ettensite Addlliou 

by D. KiNNEAR Clark. M. Inst. C.E. Fourth Ediiion .... 

" Students thould buy the book and read ie, ms one of the dou conplele and bUufiicIDry 
the combustion and econamy of fuel lo be bad. ' —£ti£iHeer^ 

Boilepmakep's Assistant 

In Drawing, TemptatinE. and Calculating Boiler Work. «c. By J. Cot;BTNEV, 

"'" ■' " ■- ■■ " " ■■-- a/0 



^of .yiiy 



y D, K. < 



have KQne iWugh the " 



IK. C.E. 



's Ajuiila 



la ay ihu & 



hai DU' unqualLn^ approval. Scarcely a point hu been omitted. "^i^dn'Mdit Engiltar, 

BoUepmaltep's Ready Reckonep, 

With Eiramples of PraciieaUriMnieiry and Templating for Ihe Use of Platers, Sniilh*. 
and Riveters. By John Courtney. Edited by D, K. Clahk, M.l.C.E. . 4/0 

•.' Thl tail two Works in Oni I'i'l.. h^lf-^Hnd. rnHtied " ThK BoilurHAKEk'- 

Reckoner and Assistant.' By J, Coijrtnbv and D. K- CLARit. 



Fria 7" 



Steam Bolleps. 

Their Construction and Managemc 
"A ma<^ of infannatloii luiiable foi liegini 

Steam and Machinery Management. 

A Gtlide to the Arranifcment and bconomita.! Management of Mac 
Consiniciion and Selection. Ry M. I'owis BALE. M. Inst, M.E, 
" Givei the reiulU of wide tiperiince.''— iiijrfi Kamfa^r. 

Steam and the Steam En^^lne, 

Stationary and I'ortable. Being an Eittension of the Treatise on 
Mr. J. SeWeLL. By D, K. Clahk. C.E. Fourth Ediiion 

The Steam En&rlne, 

A Trealise on the Mathematit 
Men. ByT, Baker, C.E. . 



L Theory of. with Rules and Examples for PmctictA 
refeitiice lo the at*m-ta%UK."—Daif* amd Wtrh. 



The Steam Engrlne. 

For the use of Beginners, By Dr. I.AH 

Locomotive Engines. 

A Rudimenury Treatise on. By G. D. DeUPsEV. C.E. With large AddiUoos tr 
of the Modem Locomotive, by D " ""■ " '— " " ""-•- '" — ^ — -■ — 




D. K. Clark. M. Iusl C.E. With lUunntioni 



oomotive Engrlne-Dpivlni^. 

A PraMical Manual rot Engimrers in Charue o( Locomotive Enginet. Bv MiCHABL 
"rt,S.E- Elcvcnih Edition. 3/6 cloili Ixwnls . . . 4/6 

■nlly rtcommrnd Iht book, nol on]y lo Ehe piicliciU litTwr. bul (o tvuynne whe 
E pcifotTnaniT of lutoiiiuii%c engines. —7"** tnfnitir. 

IStationapy Eng'ine Driving^. 

' A PiacIicBl M.ifi... . . Lhnrge of Stnlionaiy Engines. Bv MtCHAU. 

il.--' I - ■ . „ 3/0 ; clolh bonrds .... 4/6 

lina.1^ axSa\ ant lo, \U _■_ iL ■..:_].i u i_ ,[nrciaUyinl^d*ll."— Ai^«anV- 

Smithy and Fopge 

IneludinK ihe Fnrriei's Ml and Coach Sniilhing. By W. J. E. CRANK. S/6 

lebonk; sh«iriB-'mi.li- will find";" torh™^™! and i™«iS?i'n(.''—jS«r./rfA'. °* ""' * 

iBIodern Workshop Ppactice, 

; iiiu'ing, itc. By J.G. Win— ■■' 



iling Docks, Dredeii 



. 4ih Edn.. 
' UBlHlflc.l.>l..^ i-v-.^.vi.. .„.■... ..ily-^micn and pncIiciriRiliK will be igin 

Bieebanical Engrineepingf. 

CompnsiiiK MeuUlurgy, Moulding. Casting, Forging, Tools, Workshop Machtoeiy, 
M«haniciilMnnipulat]on. ManufBcLureol the iileBin Engine. &c. By Francis CaUpin, 
CE. Third Edi lion _ 3/6 

Details of Machinepy. 

Cotnpnsiflg InstruGUons lor the Execiilion ol various Works in Iron in the Fiiiine- 
ihop, Kounriiy, nnd BDil«-Yard. By FKANCIS CAMPiN, CE. .__ . . SS> 



Blementat^ Enfi^ineeping 

A Manual for Young MannK Enginc^ia i 



ind Apiiteniices. In the Form of Queslioiis 

'Ih oi Malirrinb, «c. By I. S. BkEWU. 

1/6 



■ 

t 



Fowep In Motion : 

Horse-power MoliDn.Tooihe((-Wh«IGeai._„ „ _.. — 

Forces, &c, BvJames .^iimous. C.E. Wiih 73 DmEram- 

rbc nlue of ihc knowlidgE implied otiinol «cU bcova-oiimued."— JVAHitA tfakly Ckm. 

liPpactical Mechanism, 

And Machi^<^ Tools. By 1'. Bak£I(„C.E. With Kemailis on Tools utuj Machioer 
by\. Nasmvth, C.E 

Mechanics. 

Bein^i a concise Expo^tion of Ihe Gencial Principles of Mechanical ticicncc, and theii 
Applications. By Charlse I'owlinsoh, F. R.S. ■ 1/6 

Cpanes, 

The Construction ol, and other Machinery for Raising Heavy Bodies (or the Erection 
of Buildings, Sc, By JusEFH GLYNN, F.R.S. 1/6 



sSl 



NAVIGATION. SHIPBUILDING, ETC. 



Sailop s Sea Book : 

A Kudiincnlary Treatise L.nN.ivlEfilion, ByJ AMES GREENWOOD. B.A. With 
Woudiuisanil Coloured Plaies. New and knlstged Edition.^ By W. H. RoSSER 3/6 

itical Navlg^ation. 

Consisting dI the tiAiLOK's SEA BooK, by JAUES Greenwood and W, H, RossEB ; 

together with Malhemalicnl and Nautical Tables for the Working ol Ihe Problems, by 

HKMtV Law. C.E., and Prof. J. R. Yof KG, Half-bound in Iralher . . , 7/0 

inn ii comained in Ibii volume, uid wc fam-y in a .eiy than lime ihat U 

■I neiy iliip or jachi »flmt."— ^khi'i i aihtmt Magiami. 




Mathematical Tables, 

For Trigononielf ical , AsirDnomical, and Nautical Calculalions ; lo which is prefiied A 
Trcaliw on Ijignrithnis. by H. Law. C.E. Togeiha- Willi a Suira of Tabla tar 
Navigation and Nautical Astronomy. By ProTeswr J. R. Young, tievr Edition 4/0 

Masttng', Mast-Making;, and Rig'eins of Ships. 

Also -fables of Sjinrs. NiBBing, Blocks : Cham. Wire, and Hemp Ropes, Sc. lElatiie' 
to every class of vewls. By kOBERT KlPflNC, N.A. fl/O 

Sails and Sall-Makln|^. 

With UrauehtinG. and the Centre of Eflbri of the Stuh, Weighu and Sites of Rope* ,- 
Masting, Rigging. nn.I Sails of Steam Vessels, &c. By R. KirplKG, N.A. . S/S 

Marine Eng^ines and Steam Vessels. 

By R, MuRRAV, <.Mi, Eighth Edition, thoroughly Reviipd, with Additions by tha 

Author and by GiioHtjE Caiii.isuk,C,E, . . .^ 4^. 

Naval Architectupe. 

An Exposition of ilie KI.'nienLiTy rrinciplra. By JAMKS Pkake 

Ships fop Ocean and Rfvep Service, 

PiHuciples ot llic CunstrUL-lion of. By H. A. SOMMEKKKLDT .... 1/8 

An Atlas of Eng^pavlngs 

To llliislraic ilie almv,.. I^elve te^e fol.Iing Plates, Royal 410. cloth . . 7/8 

Ships and Boats. 

Tiy W. bi.AM>. With numerous Illustrations and Models, Trnilh Ediiion . 1/8 

ARCHITECTURE and BUILDING. 
Constpuctional Ipon and Steel Wopk, 

AsappliedloPubUcPrivalcand Domestic Buildings. By FhancisCaspiN.C.E. 8/8 

" Anyone who wnntt n book on iiuntvurk ak employed for stiu>chiDn9, columns, and beaou, will bid 

the prcHnt volume 10 be suitable. "—flW/iiA AtrAllttt. 

Building; Estates: 

A Treatise on the Developmeni, Sale. Purchase, and Manaeement of BuiltJing Land. 

By F. MAJT1.AND. Third Edition OO 

"Thu Inok ihuulil undoublully be added 10 Itie library of ti'ery profeuiona! man dealiag wilk 
bailding luid."— Zhni/ Agrnl'i Rtccnt. 

Etoience of Building;: 

An Klenicnmrv Trciiise on the Principles of Conslru 
jimh Edition 



Apt of Building-. 

Rtnlir,. - I ■ ■ . I I'lir.dplts of Construction, Sirenglh. and Use of M&tenala, 

W>'il'i. I ' :.< itions, &c. By Edward DobSon, M.R.I, B.A. &C S/tH' 

" A K<> -I '' '' ''-^i'. aad nboul the Iwil 10 be olituntd,"— ^iiitfny A'mu. 

Book on Building*, 

Civil iind EcclriKi^iitd. in- Sir Edmund BECKETT, Bart,, LL.D., Q.C, F.R.A.S.,. 
Author of -Clocks anil Watches and Bells," »e. Second Edition . . . 4/6' 
-' A book which ii nlwayi amuoine and nearly alwayi inilnKtive."— rI>>^~ 
D WCll 1 Ug^^H OU SBS, 

Erection of, titustraled by a Perspective Vie»-, Plans. Elevatic 
of Villas, with the .'ipecifitatlon. Quantities, and Estimates. 

Cottafi« Building;. 

By C. Bri;ce Ai.lkn, Twelfth Edition, with Chapter 01 
Allotments, by E. E, Ai.t.K.N, C.R 

Acoustics of Public Buildin£;s : 

The 1ji*s of Sound as applied to the Atrangcment of Buildings. By Prol 
T. RogkrSmith,F.R.I.B.A. New Edition, revised, With "' ■- — 

ppactical Bplcklaylng;. 

General Principles of Bricklayini: ; Arch Dra—-- '■ "' 
Paving, TilinK. &e. By Adam Hammond, \ 
"The young hritHnyet will fi^d << infiniwiy «Juable lo ii 

Apt of Practical Bpiok-Cutttng; and Setting'. 

"■ ■ 1 HAMMDNll. With go Engnn-jng! 





Bpickwork : 



.iiid Highfr Principles of Brickla; 



retry 10 



iciples of BnckUying. C 
TUing, fit By ¥. Wai 



tn tfom bookt." 



Bricks and Tiles, 

k^il.n^^^iu.!. i .<:<.>.:». iiLj ihe Manufacture of. Containing an Oulline of the Principles 
of Britkniakins. Ttj E, DiJiiSON. M.R.I.B.A. Addilioni by C. TOMLlNsoN. K.R.S. 
Illustrated 3/0 

"Thebsl bandboak on ihe tuhio.-', Wc CM sarvly KCommFIlil il lu ■ goad 'mvaaiBtnl."~aauUtr. 

Pi<aot]caI Bpick and Tile Book. 

Comprising : Brick and T[C.i: Making, by K. Dobson, M.Insl.C. C; Praclical BRICK- 
tAViNG, byA. HAMMoNn; BHlCK-CUTTINGandSETTlNO, by A. Hammond, ssopp. 
mrilb 970 llluslratians, strongly hilf-twund 6/0 

Cappentpy and Jolnepy— 

The ElemeNTAEY Phinciplrs op- Carpestiiv. Chinfly tmmposed from the Sland«rd 
Work of Thoma? Tredoold, C.E. With AddilioBs. and a TkeatisE on 
[oiNEiiy by E. W. Tarn. M.A. Eighth Edition 8/6 

Cappentpy and Joinery. 

Atlas of 35 Plates to Hccompany and ill.istrale the foregoing book. With DeacripUve 
Letterpress. 410. - . . . 6/0 

ppactioal Tpeatlse on Hsindpallln^ : 

Showing New and Simple Methods. By Geo, CoLLiNgs, Third E 



luding 



Cipcular Wopk in Cappentpy and Joinepy. 

A l*r.iuii,;.\l Treatise on Circiilnr Work of Single and Double Curvature. By GeoKGK 
CuLLINt.s. Third Edition 9/6 

Roof Carpentry : 

Practical Lessons in the Framing of Wood Koofs. Kor the tise of Working Carpenters. 
ByGEO, C'lir.i.i s'is, Amliorof ■' Handraihng andSiairbuildlng," »c. . B/0 

Constpuction of Roofs, of Wood and Iron : 

Deduced chi. r .,1 Rohison, Tredgold, and Humlwr. By E. 

WVNDKAM 1 \ ■ i Kourlh Edition . . . .1/6 

«f iKbai he bu eivcn ii -.■::..-..: : I ,1. '...II. Il iiil\l Ik fouiid valuable >>y all iluilcnli."— AiriViitrr. 

The Joints Made and Used by Buildeps. 

By Wvvii.c, J. CHRlsrv, Architect. Willi 160 Wodrlculs .3/0 

'- The work I^ dc.erving of high commciidulan."— ^m/./rr. 

Staoping', 

Andlls A|)pli<]alion;.\ Hantlliook for the ii«n( .Students. Uy li. H. U1..VJROVE 1/8 

Timber Importer's, Timber Merchant's, and 
Builder's Standard Guide. 

By R. E- UhaNdv. ^. . . . _ , . 3/0 

h^ ■ mSlcwi^ht,^ hoii !^ mai<:Vii'l"conn(iiinKbriciil, columZ? <.'w(stn>,1lul"— ^j^j* WrctH^" 

Plumbing : 

A T'exl-Book to the Practice of tile An or Craft of tlie Plumber. Willi Chapters upoa 
House Drainage and VeBlitalion, By Wm. PatoN BuCkaN. R.P., Sanitary Engineer. 

Ninth Edition, with 51a lllustraiions 3/6 

"A tBKl.baok whkb nuy be tafcly put into the handtt of every young plumber, and which will jdio 

Vemttlatlon'r'''^'™'''''''"^™™" ~*"'"'" 

A Text-Book to the l>ntctice of the Art of Ventilating Bulliltngs. By W. P. DUCHAN. 
R.P., Author of "Plumbing," 4c. With 170 lllustrallons .... 8/6 

The Ppactioal Plasterer: 

A Compendium ol lli.in and Umanienta! Plaster Work. By WlLtHED KuMi- 2/0 

House Painting, Graining, Marbling, and Sign 
Writing: 

With a Course of Elemenury Uraiving, and a Collectioa of Useful Receipt). By ELLIS 

A. Davidson. Eiehih Ediiiou. Coloured Plates 5/0 

*.• Tti jiazit. in iliHh boardi. ilnmgly iouiid. 6/0. ^^ 
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Orammap of Coloupin|^. 

Applied 10 Decorallve Pairrling ^nd Ihe Arts. By Gecikge Field. New Edition, 

revised »nd cnlargtd by ELJ.IS A. DflViDSON. With Coloured Plales . 8/0 

■' Thi book ii a mosl umTuI rtnmi of lh= proptr"- '-- " "-'-•- 

Elementary Decoration : 

As Applied to DwellinR- Houses. &c. B' 
"The miKdpln which ougbtio guide ihf decoration or dinlliii|-h«su uc cleuly sM bnh. a 

Practical House Decopation. 

A Uuidc lo ilie Art of Oniamema] Painting, ihe Arrangement of Colours in ApartmenU, 
and the Principles of Decorative Dcsien, By Jakes W. FACET . . . 2/S 

*,' The tmttwQ Worknn One haHdsomt ViiL. ka^-iaind. ealilUd "HOVSS DSCOB&TtOK, 
Elkhkntakv and Pkacticai,," ^nVe S/O. 

Poptland Cement fop Users. 

By HenRv Fatja. A.M. Inst. CE. Thiid Kditioti, correcied . . . . S 

Limes, Cements, Moptaps, Concpetes, Mastics, 
Plasteping-, &c. 

By G. R. Bl'Hsell, C.F„ nitee-nlh Edilion ] 

Masonry and Stonecuttlne?, 



Arches, Picps, Buttresses, &c. 



. Hy Wil; 



1/e 



vi 



n'. Paperhangen'. Gilden^ 
Smiths', Carpenlera' and joiners' "Work. By A. C. BEATON. Surveyor "^ 

" Thi> iKDk i> indi^ponuiblE lg builders and their quanlily clerlu."— £>tr'"* MicHmiiic. 

Complete Measupcp; 

Selling fotlli [lie Measiirenieni of Boards. GhiM, Timber, and Sloae. By R. HoRTOM. 
Sixth Edition "" 

Guide to Supepflcial Measurement. 

Tables ealculnled from i to aoo inches in length, by i to loS indies in breadth. FoP , 
the use of Architects. Survnors, Engineers, Timber Merchants, Builders, Ac ~ 
James HAvrtiiNC^. Fifth Edition 

Ligrht: 

An I 
Archl 

Hints to Younsf Architects. 

By Geomoe Wightwick. Architeei, Auihorof ■■ Tlie Palace of Architecture," &c., Ac. 
Sixth Ediiion, revised end enlargetd by G. HUSK1E.SON GulU-AUUE. Archiieci . 

Architectupe — OpdcPS. 

The Orders !ind iheir /tsthetic Principles. By W. H. LEEDS. Illustrated 

Architecture— Styles. 

Tlie History and Descnptiuii of t h e Styles of Arclilleciure of Various Countries, from [b» ' 

Earhesi to the Present I'etiod. By T.TALBOT BuRV. F.R.I. RA., &c. Illustrated S^> 

'■ Orders and bni.KS OF Architecture." in Out Vnt.. 8/6. 

Apohiteoture--DesiKn. 

The Principles of Design in Architecture, as deducible from Nature and e 
Ibe Works of Uie Greek and Gothic Arehiiecls. By Edw. L. GARi 



\'bI.. half-tamd, 

4 8/0. 



" MODKII 



Architectural Modelling in Paper, 

The An of. By r. A. Rilhaudson. With illuslralions, engraved by O. lEWITT IM 
"A ndmhlc lid to tbe iiuctice of u^l;i>ci:<iUDl inodeUillg."— ^HlVil'"'! a'rtkly htfrritr. 

Perspective for Beg^inners. 



n 
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Glass StalniniT, and the Art of Painting; on Glass. 

From tliF: German ol llr. liE5si;ET ard Emanl:ki. OiTri FkOMBkRi;. Willi an 
Appenriii on 'iHK Aht or EnaMllling ... ... 3/6 

Vitpuvius— The Apchitectupe of Marcus Vitruvius 
Pollio. 

In Ten Etoolis. Trriii^lali-d from llie Lulin l.y J. Gwil,T. Wilh 21 Plulcs B/0 

N.B.—Thts is I'll , mly EdilioH c/VitKVWius ffKunUt al a mKdtr.Ui prict. 

Grecian Architectupe, 

An Inquiry into tlip PnnLiplM of Heauly in ; wilh an Hislorieal View of the Rise and 
Progress of ilie Art in Greece. Ily the EAhl or AberdeilN .... 1/0 
•.• Tie hm priicdt«s W.x-ks in 0»i h-indsomi Vul.. haif^iund. iatilltd '■ANCiENr 
ARCHriEC-rL-Rt," pria 6/0. 

INDUSTRIAL and USEFUL ARTS. 
Cements, Pastes, Glues, and Gums. 

A Guide IQ Ihe Manufacture and Application of Agglutmaiits for Worksiiop, Laboratory, 
M Office Usi-. Witli 900 Recip.'! and FormuiiE. By H.C. Standage . . 2/0 

Clocks, Watches, and Bells fop Public Purposes. 

A Rudimentary Ttwiise. By EuMtTNti Beckett. Lokd Gvimtiiokpe, I.L.D., K.C. 

P.R.A.S. Eigl'lli Kdilion, »ill> new List of Grral Bells and an Appendix on 

Weathercocks. [/ml fublislud. 4/6 

•,• Thf abirvi. handifmily bound. Clolh Boardi. ttlQ. 

"TIk but workan ibc «uL|r>:t prshibly »iant. The liealiie on bcjlt a untloubtedly the beit in the 

Electpo-Metall ui^iy, 

PiT!r;i..yiv ■\-r--yr,: iiv M i\-\vin.-R Watt. Tenlb Edition, enlarBed a ' 



Coldsmith'& Handbook, 






3/6 



t of Alloying, Melting. Ri^duclng, Colouring, 
ceases of Manipulation. Reeo»Bry of Wasle. 
lid : .'•alders. Enamels, and other useTiil Riilea 



"A good, ^ouTiJ. Ifdiiiii'alc^iiicjtoT."— //Linj/^fii:<a/./h'M™i*^. 

Silvet^mith's Handbook, 

Do tlie same plan a.'i Ih'' ul>ove. fly GeuRGE E. GgE. Third Ediilon , . 8/0 
"A valiuhk Kiiuil ID the auibncs ' Praciicil Go\dwoiiia."-—SilBiniHilVi Tradt Jamrmtl. 
•,* Tke Imi pnii,li'.^ IC..'*!, in One iaadiomt PW., kal/-»otiitd. ealitled -TH^ 
Goliismith'.s'asii Sit.vt:HsMirH's Complete Hanobuok," 7/0. 

Hall-niapking; of Jewellei:^. 

Comprising an account of all the difTetcnt Aisay Towns of llie United Kingdom ; with 
the Stunijis at prcwnl rmpluvH : als.> ilie I,n»s rehning to the Standards and Hall- 
Marks ai the Kitious As>.iy dHi<.rs Uy GtiiktiE E. Gee 3/0 

Fpench Polishing; and Enamelling. 

A Praclica] r>»<i. >. 1.. ^ 1 including numerous Recipes for making Polishes, 

Varnishes. CIl.' 1 . cec By Rjchabo BiTMCAt) . , .1/6 

Ppactical Org-an Building. 



."_>'." 



d Editii 



S/6 



.perftu....^ ,k*/.™j-. 

Coach-Building': 

■■■■-'■' "- 5 W, Burgess . 3/6 

HiildinB-"— A"™/"" Mail. 

The Cabinet-lVIakep's Guide 

including Veneering, Marqueletie. Bulil- 
hshing Ivory, Tt^e Recipes, ttc By 
and Wothin^ Drawings . 9/6 

Bpass Founder's Manual: 

ilding.Turniug.&c. By W.Gramam S/0 

Sheet Metal-Worker's Guide. 

^ndbook tor linsmiilis, Coppersniilhs. Zincworkers, &c.. with 46 
Diagrams and Working Patterns. By >\'- ]. E. Crane. Kourth Edilioii . . 1/6 



" The ^._. _ 
laUIiEyinireaiin 



. Ihcm 



•ilh n. 



i 



Sewing: Maobinepy. 

Constraction, History, Adjuiiing, 

Gas Fittine-: 

_ A P.ac...3l (HTndbook. fiy JOF 







Construction of Door Locks. 

KroiM ihp P.iperi of A. C. HoBBS, Editeii by CliARi.t£ Tomukson, F.R.S. Wiih 
a NoLd tipm iBfis SAFE.S t.y RoHEHT Mauxt. llltuimled a/6 

The Model Locomotive Enfflneer, Fipeman, and 
Eng^ine-Boy. 



Art of Letter Painting: made Easy. 



8/Q 



Art of Boot and Slioe making:, 

IntliiilinK M.-. 15,1 iremr lit. Lait-fiuine. CuuinK-out. L'Iq 
' emi>lojrd. 



ng ind Making ; wltb a. 
Hy J. B. UNO . 9/0 



Mechanical Dentistry : 

A I'l.Hhi ii I '< . II-'' . 11 iIm < 'r>iiMnic(ion of ihe Various Kinds ol Artificial DeaiUTCs, 
■ '■mi["|-iiil: r... I I I I- . iii,il.f, Tablwaiid RweipB, ByC.HnKTKit . . 8/0 
Wood EngT'aving' : 

AI'Luii. 1 I : . , i.ii,iii loiheSuidyoItlwAn. ByW. N. B«own 1/6 

Laundry Managoment. 

A Han, II... .i m ..nd Pubilc UundrleJ. Fourth Ed ilion . . SfO 



AGRICULTURE, GARDENING. ETC. 
Draining: and Embanking'. 

A Praclical IVcUi-..- I ■ i.' I'loicssorot Agileiilllireand Rural EcODOtDT 

Hi ihe Koyal AgriLiiiv. - -.wi. With 63 lUiutratluns , . . 1/6 

■■Ay=li.»Wel.4.nJI«ol<ii.ik. :-.. . i„ihf ■iurwvM."— ia«rf. 

ippiS^atlon and Water Supply: 



.. r'.ii 



Wurping. &c. -, 



Farm Roads, Fences, and Gates: 

A Prii<:ticnl [f.-iiise on liie Ronds. Traniwaya, and Wat<:[».i>s of Ihe Kami ; (lie l>rii>- 
cipl« ol liijclosurrs ; and on FenctB. iiaia. mid Stile*. By Prot John ScoTT - 1/8 
'■ A gAffiit ,.t»ciitnl work, "hich ihouW 1« in iIm hand, of ivhv ttumct."—J'*nmir. 

Fapm Buildings: 

A I'niciical I'realiw on liie Buil(tini;< na:ubiirv for various kindi of Fanni. 
Arraiigenieiii and Conslruclion. \miI-i Plani nnri Killmaiu, Kr Prtirmfor J . ScoTT 9/0 
"NDonc»haijicall«lui»iiiod»iKiifjuin buiiiimgixiuoflaiUiaUwrihautlhis. ' ' " " 

Barn Implements and Machines: 

Treating of the Applicaiion of l^ower lo ilir Oin'raiio.is ot Apitnlliire ; and of the J 
vHtious Machinci used In the Tlireshing-lMin. in the SlockyniTi. Dsiry. Ac. ~ 
Professor John Scott. With i>3 Illustrations . ' 

Field Implements and Machines: 

Willi Principles and Details ol Conitmclion and Points of ExeellcniM, their Man 
uient, «-q, liy l^ofrssor John Scoit. Witli .38 llliisi 

Agn^icultupal Supveyin£f: 

A 'I'realise un [jinii Surveying, l-evelllng, and .Settiiig-oul r with 
Valuing and Kepurtin^ uti Farms and I'lsiates. By Prolcutjr J. Su 

Fai>m Eng:ineepinG:. 

Hy rro(r,iot JaiiN ScjOtT. Comprising the above Seven Volume* IB One. 1,150 pa 
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butlines of Papm Managrement. 

TrrallUR uf lliiT General Woik of Ihe farm ; Siocic : Conlract Wuric ; Labour, &c. By 
B.SCiirr Burn, Auilior of ■■ Outlines of Modem Farming,'- &c. . . S/6 

'The book 11 rnLjDcnlly pndiial, and iniiy br «<uclib1 with AdviuilAf« fay beginiwr^ in :i9riculLaR| 
Ir ciHIEain^ Liii[> which will br useful to utd And ^iLDCcurul fAjmcF't." — Sec/tmiait^ 

Outlines of Landed Estates Management. 

Treating of Ihe Varieliei of Lands, Melhnds of Farming, llie SellinE-onI of FalTOB, &c. ; 
Roads, Fences. Gates. Imgaiion. Drainage. &c. By R. S. Bins . .8/6 

oils, Hanupes, and Cpops. 

"■ il, 1. Outlines Of Mudkhn Pahmino.) By R. Scart Bvvn. Wooiicul? . 2/0 



PaPtning^ and Papmtne Eoonomy, 

1 Historical and Pinmical, (Vol. II, oi'ti.ihks ok Mode! 



MODEKS FAkMlNG.) By R. S 



ok: Cattle, Sheep, and Hopses. 

Ill, Outlined op Modern Farming.) Bjr k. Scott IIlh 
itfagi'i gra-.v of lii> lubjtct ii tlmruugh, aiul hli grouping of facio ifTei: 
client IrtalLst"— lfn-*(f Disf^ck, 

PiGTS, and Poultpy. 

I. IV. Outlines or Mohekn Farming. ( By R. Scott Bur 



Utilization of Sewage* lppig>atlon, &o. 

{Vol. V. OUTUNMcjf.MoltKKN FaKMini;,) By R. Scott RuHN. 



utlines of Modern Papmini^. 

By B. 5a/rr Burn, Author of "Ijinded E^UUes Management." &c. Consisting of the 
above Five Volumes in One, 1,350 pp.. proluscly IHusirated, half-bound . 18/0 

"The bim of ihe aulbor hat been la nuke hit woili al once coir prehEnu re and liusiworlliy, and in 
thii aim ht h»i lucttn'wl 10 a degite which cnlilla hhn it> moth crcdii."— .Wnr7nr>f AiMrliur. 

Book-keeping: for Fapmeps and Estate Owneps. 

I A Practical Treillae, presenting, in Three Plans, a System adapted for all classes of 

Farms. By J. M. WooDMAK. Chanered Accountant. Fourth h^iliun . S/6 

pBlh«'ie>iainpl» bei>ig auTi and uplidl. and Im tiplaiMtiono'rull aiid aRura'e'."— Z.nv SUihJn^tai. 
|Res 
^ec 
jpXlctl 



» Ready Reckonep (bp Admeasurement of Land. 
By A. Arman. Revised and eitended by C. NoRHIS, Surveyor. Fifth lldnion S/0 
' ■ book to all who have Utnd it measure-"— Jfnr* Lmm F-X*rtis. 
Ready Reckoner fop Mllleps, Corn Merchants, 
And Farmers. Second [Uilion. revised, with a Price List of Modern Hour MUl 
Machinery. By W. S. Mutton, C.E S/0 
ill prove an indiipenddble pdr/f mtiuiH- Nolhing "Jias licfn spared to iimkf the l«ok complele and 
■dapfed (o ju specL-d purpcw:." — MiUtr. 
The Hay and Stpaw Meaaupcp: 
New Tables for the nit- iif Auctioneers. Valuers. Fatmers, Hay and Simw lleaters, &&, 
forming a rompletei'nlculator and Ready Reckoner. By John StkELG . , S/0 

Meat Ppoductton: 

A Manual for Producers, Dislrilmtors, and tL'onsuiners of Huiciiets' Mrai, By John 
EWART 8/6 



CROSBY LOCKWOOD ft SON' 



Sheep : 

The Hiitory. Slnii 
Willi lingiavings. i 

" The book i> deddfljly 



:ludinR Spec! 

Market and Kitchen Gardening. 



" Tbt b«A » 






> ukTuI boak, * 




Kitchen Gardening- made Easy. 

Shuuiii); il.'- i >' I > li '. „<i . Ml v'r.'^iable and Hert>. &c, with 

directions form.iiiaijtmriil .ill Ihe year round, fly Gko, M. F. GLBMNV. Illiulraled 1/6 
■' Thi. book *ill bs imind irusiwttihy ^-d u«ful."— JV<r/*l ifnWi* Ar^nitwriMl. 

Cottage Gardening:; 

Or.Tlowers. Fruits, Hnd VcKctahles for Small Gnrdeni, 

Garden Receipts 

Kdited liy Charles W. Quin. Fourth Edition . . . , _ . 

ppult Tpees, 

Thr Scienliiic and Profiwbie Culture of. From ihe FrERch of M. Du BreUel. Fifth 
n, carefully Revised by George Gi.ennv. With 187 Woodcuts . 3/6 

Tree Plantep and Plant Ppopagatop: 

With iiuni«rou& tlluslralions of Grafting. Layering. Bnddine. ImplemcnU, Houscl, 

Pits, &c. By S. Wood. Authorof •■GoodGHrdrmiig,"Sc 8/0 

"Sotind in iu leocbingand vcrj' comprchcnuve ia itsaiin. Il i&agood book." — GarJtmtr^ Majgrntnu^ 

Tpee Ppunep: 

Being a Practical M.inualon the Pruning of FruilTree*. including also iheir Training and 

" ■-- -■ '-j; of the PrunineofShnjbs.CUmbers.and Flowering Planu. With 

By SAHl/EI. WOOD, Author of "Good Garden 



n Oiu, handsoHuly kalf-iouiul. 



•t* Luiu Elf 
•lid "Thk Trl. 
Wood. Prut 316. 



MATHEMATICS. ARITHMETIC. ETC. 



Descplptive Geometpy, 

An Elenieninry I'reatiK on ; with a 'I'heory oF Shadows and of Perspectlvi 
ftoni the Frenth ul G. MONGE. To which is Hdded « Description of the Principles 
Practice of iitometiical Projection. By J. F. Heather, M.A. With 14 PUt«. . 

Ppactical Plane Geometry: 

Geometrical Construction of the Ground. By J. F. Heather, M.A, 

Analytical Geometry and Conic Sections. 

By James Hank. New iLdiiion. Enlarged by ProfessotJ. R. Voung . 
"Theauihor'<tlyk>m«cilinglyci«i^d -liinplf.and the book U well itlmxal Sat Ih* bcti 

Euclid, 

The Elements ar ; with many Additional Propositions and Explaitalory Notes 

which is pretixed an Imioduclory Essay on Logic. By Henkv Law. CE. . , 

*,* Sdtd nlio uparaltly. vit. .-— 

Euclid. The First Three Books. By Hknrv Law, C.E. 

EucLin, books 4. 5. 6, 11. 11, By Hj 



Plane Tpigxinometpy, 

The Elcnicnli of. By JAMES H> 



V Law, C.E. 
jN, M.A, Sixth Edition 
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Spberical Tpis^nometpy, 

Tlie Elements of. By JAME-S HASH. Rt'Kised by CHARLES H. Dowi.iNO. O.K. 1/0 
'.• Orwi/i ■■ Thi ElitHtHli of Plane Trigontmtliy." in Oni rol..2ie. 

Dlffepential Calculus, 

Elemrntsofihf. By W. S, li. WoOI.house. RR.A.S,, Ac 1/6 

lntesi*al Calculus. 

B. HomefskamCox, B,A 1/6 

Algebra, 

The Elcnicnis ol. By James Haddok, M. A, formerly Mwhemalica! Master of KinE's 
College School. Wilh Appendiit. conlaining Miscellaneous Itiveslieaiions, and a col- 
leclion of Problems jJ/O 

Key and Companion to tbe Above. 

An e*lensi« repository o( Solved Examples and Problems in llluslmtion of Ihe 
various Eipedienu necessary in Algebraical Operations. By J. R. Young . 1/8 

Commercial Book-keeplni^. 

With Commcrdal Phrases and ■■'orms in English, Krench. Italian, and Germnn. By 
James Hadoon, M.A.. romictly Malliaiuaiical Master, King's College School . 1/6 

Apithmetlc, 

A Rudimentary Treatise on : widi full Eiplanalions of its Theorelical Principles, and 
numerous Examples for Praclioe. For the use of Schools and tor Self-Instruction, By 
J. R. VouNG. late Professor ol Malhemalics in Belfast College. Fourteenth Edition 1/6 

Key to tbe Above. 

By J. R. VouNG 1/6 

dquatlonal Apltbmetic, 

Applied to Questions of Inieresl, Annuities, Life Aisutsnce, and General Commerce : 
with vnrious Tables by which all ralculalions may be gready facililaied. By W. 
HlMLKl- 1/6 

.Arithmetic, 

Rudimentary, for the Use of Schools and Self-Instruction. By James Haddon. M.A. 
Revised by AbkahamAsman 1/6 

Key to the Above. 

By A. Armas .1/6 

Mathematical Instputnents, 

By J, f, Heathek, M.A.. of Ihe Roval Military Academy, Woolwich. Fifteenth 

Edition, Revised with Additions, by A. T. WaluisLeV, M.I.C.E.. Fellow of Ihe 

Surveyors' Institution. Original Editiou in One VoL, Illuitraled . . 2/0 

•,* /s ordtting It carrfiil W say " Original EdilieK," la dlsliigniiA it from tkt EHlargat 

SditivH f ■ TAret Vuli. {ut ttlow). 

Drawing and Measupfng Instruments. 

the Construction. Copying, and Measurement of Maps and Plans. II. Instruments 
used for the purposes of Accurate Measurement, and for Arilhmeticil Computations. 
By J. F. Heather, M.A. 1/6 

Optical Instruments. 

Including (more p-specially) Telcscxipe^, Microscopes, and Apparatus for producing 
copies of Maps and Plans by Photography By J. F. Hkatueh, M.A. Illustrated 1/5 

Surveying^ and Astronomical Instruments. 

Including-^. Instruments used for Determining ihe Geometrical Features of a portion 
of Ground. II. Inslnimenis employed in Astroaomicnl Observations. By J. F. 

Heather. M.A. Illustrated 1/6 

",■ Tit BiBVi Thru fclnmis firm an tnlargimtnl oj Ikt Aulhari original work, 
•■ Malhimatical iHiJrumaili." frict2IO. 

mathematical Instruments: 

Their Construction, Adjustment, Testing and Use. Comprising Dravring. Measuring, 

Optical, Surveying, and Asironomicsl Instruments. By J. F. Heathek, M.A. 

Enlarged Edition, for tbe most part re-written. Three Parts as above . 4/6 

■■ An e.hnustive uali.it. brlongmg lo Ihe welj.lnDwn Weilf's S«i«._ Mr, H»»lhtr*i tiptrieoct 

Slide Rule, and How to Use It. 

Containing full, easy, and simple Instructions lo perform all Business Calculations «itl- 
uneiampled rapidity and accuracy. By Chakles Hoare, C.E. With & Slide Rule. 
Id luck of cover. Eighth Edilion 8/6 
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niathematical Tables, 

ForTrigonomelrical, / 
Treatise on Logarithm! 
Navigation and Naulic 

Logarithms. 

Wiih Maihematical Tables far TrigoDomelrical, Aslronomical. and Nautical CalCuUl- 
tions. ByHENRVLAWpCE. Revlsu-d Edilion. (Formins part of theabove worti) 8/0 

Theory of Compound Interest and Annuities: 

Willi Tables of LogaritTims for the more Difficult Compuutions of Interest, Discount, 
Annuities, Ac. In all their Applications and Uses for Menanlile and State PurpOKs. 
Bj- FK-DOR Thoman, of the SDci*l4 CrMil. Mobiliet, Paris. Fourth Ediiion . 4/0 

Treatise on Mathematics, 

As applied to the ConstrucUve Arts. By Khahcis Cahfih, C.E., &c. ard Eda. 8/0 

"Should he III the iuuids of TVEiy one omiiictEil with huildlngoiiiBtuniDn."— ^nf/Avi' Xtferitr. 

Astponomy. 

Dy ihelnte Kev, RuBEKT Main. M..A., F.R.S. Third Edition, revised and correded. 

By Wti.LiAMTHYNNKLVNN, RA.. F.R.A.S a/0 

" A Kound ;tE]d simple ErtariH, very cucfully rdited, and a capital hook for b^inntrs." — Knt^uUdp-^ 

Statics and Dynamics* 

'ITid Principles unci Piaclicc of ; emLracing also 
Hydrodynamics, and Central Forces. By T. B/ 
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A Treatise on Recent and Fossil Shells. By Dr. S. P. WooDwAKD, A.L.S. Wlb 
Appendix by Ralph 'I'ate, A.L.S.. F.U.S. With aumeroui Plates aod «» 
yJiodcuts . . . . . . ■ _ ._ ■ -.,■.■ ■ . 7/8 

Dictlonapy of Painteps, 

And Handbook for Picture Amateurs ; bdng a Guide for Visitors to Public and Private 
Picture Galleries, and for Art Students, including Glossaiyof Tenns, 4c. By Phiuppb 

Dakvl. B.A fl/6 

"Coniidering itt snuill compius, really adminicle. We coidiiill)' tecsnunend the hoak."—BaiUer. 

Paintingf Popularly Explained. 

I!y Thomas John Gullick, Painter, and John TtMRS, F.S.A. Including Fresco, 

Oil. Mosaic, Water Colour, Water-Glass, Tenipeta, Encauslk. Miniature, Puntiiw oo 

Ivory, Vellum. Pottery, Enamel, Glass, Sx. Sinh Edition .... B/0 

■.* Adapltd Bi a Prist Boek at SoKlh /Tmiiigiem. 

" Much nuy belemrned, even by thote who fancy (hey do not require to be Uugbl, fron tbeeantfttl 

periual of lhi& unpretending but compKheimve tiEailse-'*— .^rt/fHtnid/. 

Dictionary of Terms used In Apchitectupe, 

Eluilding, Engineering, Minine, Metallurgy. Atcharalogy, the Fme Arta. Ac. 

By John Weale. Sixth Edition. Edited by Robt. Hunt, F.R.S.. Keepw of 

Mining Reeorda, Editor of '■Utes Dictionary." Numerous Illustrations . . ■'" 

" The bQt imall lechiiologlcal didionory in the lMguiiee."-^ni*;/tfl. 

Music, 

A Rudinienlnry and Practical Treatise on. By ChAkLEs CHILD SPENCER . 3/0 , 

" Mf. Snncu has marshalled his infonuaiiran wiih much skill, and yet with a limplidty that miot 

PianofoPte, 

The Art of Playing ihe. With Exer4:ises and Lessons. By C. C. SpenCck . 1/S 
" Awund and eicclleni work, writicnirith spiiii, and calculalid lo inspire the pupil wilh adcrinla 
piBial high accontplishuienl iu (he art."— 6'r:t«i/ Beant Cla-enicU. 
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' House Mana^^p: 

Being a Guide lo Hausekeepine, Piaciical 0001107, Rckline and ProfrvinE. House- 
hold Work, Dair^ Manageinenl. Ihe Table and Dcsscn, Cellarage of Wines, Home- 
brewing and Wine-making, Ihe Boiidoir and Dressing-room, Travelling, Slablc 
Economy, Gardening Operaiions. Se. By Ari Old Housekeeper , . 8/6 

n" T'l^'' '"'f^i'"??.'''"','^ *'"'"'"' •" "" ""l^" book, lending 10 save eipeiisi 10 die pocket a> 

Manual of Domestic Medicine. 

B/ R. Gooding. Q.A., M.D. tnlended as a Family Guide io all Cases of Accident and 
Eniereency. lliinJ Edition i^ 

ftom medical aid, a reliable and KoiiblE watt in which profguional ki»wledgs mxl accuracy bare been 
wcU Kcondcd by theal^lilv Lo etpreu himxlf ui orduujy unuchnicaf taDguaBe."^/'M#/fc Ht^Uh, 

Management of Health. 

A N&iual of Home and Personal Hygiene, ^y the Rev. JaHeS Baihd, B.A. . 1/0 

House Book, 

Comprising — I. Thi: House Manager. By Ah Old Housekeeper, II, Domestic 
MEotctNE. By Ralph Gooding, M,D, HI, Manageurnt of Health. By 
James Baird, In One Vol., strongly half-bound 6/0 

Natupal Philosophy, 

Km tin: L'se uf HesiiiTiL-rs. By Chahles Tomltnson, F.R.S 1/a 

Electric Lighting:: 

The Elemenuiry !'rincipli-s oL _, „ 

M.t.E,E. Willi 16 lllusiralions. Fifth Edition. [last publii/Ud. 1/6 

Handbook of Field Foi>tlflcatlon. 

By Major W. W. KnolLts, F.R.G.S. Will. 163 Woodcuts 3/0 

biiHnc»r^le.'alI the inf^na^n7ikely™Q^°^ctii!aUy u.!erid.".^«an^ 

Loirio, 

Pure and Applied. By S. H. EmHENs 1/6 

lilliraMn JX^^ot id^i^. bul r« ihUe con«med'in Ib^ pmclical affabi oi tilt. ^c.-^?^lviZi' 

Locke's Essays on the Human Undepstanding;. 

Selecllons. with Notes by S. H, Ehmens 1/6 

Compendious Calculator 

t/iilMilive CalcHlalioHi) : or Easy and Concise Methods of performing Ihe various 
Arithmetical OperRllons required in Cominereia] and Business Transactions ; together 
Willi Useful Tables, Sc. By Daniel O'CuRMAN. Twenly-eighth Edition, carefully 
levised by C. NoRHls 3/6 

IDaoufaclnring induslly. ll i> ciainiDed full wilb nilo and !arm\i\M! for sholleniag and emi^ayu;^ 
calculatioiir. i" money, weighls and nieaiut«, Sc, of every ion and deicriplion,"— ATwiuii^. 

Measupes, Welehts, and Moneys of all Nations, 

And an Analysis of the Christian. Hebrew, and Mahometan Calendars, By W. S. B. 
WooLHoUSE. F.R.A.S., F.S.S, Seienlh Edition 2/6 

Gpammap of the English Tongue, 

ISpoken and Wriiien. With anlnlroduction 10 the Study of Comparative PhilolMy, 
By HVUE Clarke, D.C,1„ Fifth Edition 1/6 



Dlotlonapy of the English Langui^e, 

As Spoken and Wrillen, Containing aboul 100,000 Words. By Hvdk Clarke, 
D,C,! 3/6 

Composition and Punctuation, 

FamiLarly Explained for those who biive neglected the Study of Gianinmr. By JusTis 
Bbf.nan. Nineteenth Edition .... 1/6 
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^H French Gpammap. 

^H With i:oinpleie inA Concise Rulei on llic Genilera of Frencli Nouns. Bv 

^H C. L, STRAUSS, Pli.D. ,,.,,, ye 

^M Eng-lish-Fpench Dictionapy. 

^H By Al.tKF.Ii El.Kts S/O 

^M Fpench Dictionary. 

^H In Two runs M. Kiench-linelish il. Englisl.-Freneh. Complete in One Vol. S/0 

^M French and Eng^lish Phrase Book. 

^^H Coiiiaiiimg I nircdiicl'iry l-raioiis. ivilh Ttanilmions, VoiabulariM ot Words, Collection 

^^M of I'lirases, nnil l-!asy Familiar Dialogue: ........ 1/6 

^B Gepman Gpammap. 

^H Adapmi fur EnEl]5h Siudenii, fiom Heyse's Theatetica] niiil Praciiol Grammar, bf 
H Dr. G. L. -STBAU5S 1/e 

^1 GePtnan Tple:lot Dictionapy. 

^m Hv N. E. S. .A. Hamiltun, Pan 1. Gc™an.Frendli- English. Pan II. EngUdi- 

^M GFrnian-Frtncli. I'an III. French-Iicrman. English . ..... 8/0 

^1 Gepman Tpig^lot Dictionapy 

^M (As 3l>nve).QTogeilii;r wilii German Grammar in One Vol. .... 6/0 

H Italian Gpammap, 

^M AiranK^-d in Iweniy I-USSUI15, Willi Eiercises. By Alfhefi Elwes . 1/8 

H Italian Tpig-lot Dictionary, 

^H V\ hrrcin ihe Genders o( all ilip Italian and French Nouns are carefully noled dowm. 
^m By Ali-'kv:d Ei.Wt;s. Vol. 1. [lalian-English-French S/O 

H Italian Tplg:Iot Dictionapy. 

^B By Ai.FKt:i> Ei.WES. Vol.11. Engliih-French-luiliAii S/O 

H Italian Tpl^lot Dictionapy. jn 

^K By Ai.tKi^D Et.Ht:^. Vol. HI. French -I latian- English , ■ . . . 3/6 

Italian Tpig-lot Dictionary 

|A= above), hLtiwV.-.! 7/6 

Spanish Gpammap. 

In a Simple nnJ I'ragiical Form. With Enerciaes. By Alfred Ei.'VEs . . 1/6 

Spanish-Eng^llsh and Eng^lish-Spanish Dictionapy. 

Including n ^srgi number of Technical Terms used in Mining. Engineering, 4c.. wilh 
[lie piojwr .Acti'iiis and ilie Gender of every Noun. Bj AlfBed ElWeS . . 4/0 
■.• Ortni/i thi GUAHUAR, 6/0. 

Poptug-uese Gpammap, 

In a Siiiiple and Practical Form. Willi Exercises. By Alfred Elwks . . 1/e 

PoptuEfuese-Engrllsh and Eni^lish-PoPtuguese Dic- 
tionapy. 

Including a large number of Tcchni'Cal Terms used in Mining, Engineering, 4c., wjib 
the proper .\eoeiiis and the Gender of every Noun. By ALFRtD Elwes, Fourtb 

Eduioii. revised 6/0 

*.* Or uiilh tkt GkamuaV, 7/0, 

Animal Physics, 

Handbook of. By DiONVSlus Lahunek, D,C,L. Wilh 510 llluslralions. In One Vol, 

(732 pages), cloth boards 7/8 

*.* ^oldahain Tas Paris, aifallauii.— 
Animal Physics. By Dr. Lardnee, Part I.. Chapiert I.~Vlt, . . 4/0 

^_ Animal FmrsiCs. ByDrLARDNER. Pan II. Chapters VJII.—XVIII. . 8/0 



w 



^-'V .vvvv-'C.-?> 



i,..- 



i . 



\ 



1 



